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 1  
INTRODUCTION 
The purpose of this dissertation is to explore the strucure of odor substances. Some 
esters are chosen to be the test molecules since their occurance in different fruits and 
their application in perfumery and food industry are widely known [1,2,3]. Moreover, 
the molecules can have more than one conformer and/or isomers where conformer 
preference considerations become important in the study. In 1991 Buck and Axel 
reported that the proteins encoded by the olfactory receptors react to particular 
odorants with specific structural shape [4]. Many odorant designers are encouraged 
by their idea to precisely synthesize odor substances with specific ligands and 
geometry which fit well into the odorant receptors [5,6,7]. The structural study of the 
esters might give new insights to understand the odor-structure relationship. A 
suitable method for the structural studies is therefore needed. 
     With the availability of RADAR equipment in World War II, high-frequency 
techniques in many scientific experiments became interesting. Over the years the 
microwave spectroscopy provided a wide range of useful information for different 
fields such as nuclear physics, molecular structure, chemical kinetics, and astronomy. 
With the current technique it is even possible to obtain microwave spectra with an 
extremely high accuracy and resolution which makes the study of molecular effects 
such as hyperfine structure, pressure broadening, and Stark and Zeeman effects 
possible. The microwave spectrometers used in this work are equiped with a 
molecular jet and are operated in the frequency range from 3 to 40 GHz. A brief 
explanation of the technical details and the improvement of the Molecular Beam 
Fourier Transform Microwave (MB-FTMW) spectrometers are given in Chapter 3.1. 
Supplemented by the quantum chemical calculations, the MB-FTMW spectroscopy is 
an outstanding tool for structural studies of isolated molecules in gas phase. The 
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theoretical background and software details for the quantum chemical calculations can 
be found in Chapter 3.2. 
     The microwave spectrum consists of a number of rotational transitions. To observe 
the rotational transitions the molecule must have a permanent dipole moment. 
Generally, for the case of an asymmetric rotor, three types of pure rotational 
transitions can be observed. The strength of the observed transitions depends on the 
non-zero electric dipole moment components in all principal axes directions a, b, 
and c. Some esters in this work possess a mirror plane and belong to a CS symmetry 
point group. For those esters no c-type transitions can be observed since the dipol 
moment component in the c principal axis does not exist. Four acetic acid esters 
(isoamyl acetate, n-propyl acetate, n-butyl acetate, and methyl acetate), one 
isotopomer of the methyl acetate (methyl acetate-d3 with an acetyl CD3-rotor), ethyl 
isovalerate, and ethyl butyrate are going to be investigated and reported in this 
dissertation. These esters have not yet been studied by MB-FTMW spectroscopy. 
     The suggested esters have characteristic odors and possess a sufficient vapor 
pressure which is necessary for the gase phase investigation using MB-FTMW 
method. Generally, the smaller esters smell very characteristic like glue or solvent 
while the larger esters release pleasant odors. The isoamyl acetate, which is classified 
to the larger esters, is also known as banana oil because the molecule has a 
characteristic odor of a ripe banana. Therefore, it is often used as an essence in food 
industry. Besides the odor properties, the larger esters offer an interesting structural 
aspect since a number of stable conformers exist in the potential energy surface. With 
the growth of the number of the stable conformers, it is extremely interesting to know 
which conformer is going to be observed under molecular beam condition. By 
knowing the structure of the favored conformer, a contribution to the understanding of 
the structure-odor relationship might be possible. The investigation of the acetic acid 
esters are going to be discussed in Chapter 4. The large number of stable conformers 
requires a systematic and significant notation based on the geometry of each confomer 
which will be explained in Chapter 4.2. Besides the acetic acid esters, also ethyl 
isovalerate and ethyl butyrate, which possess fruit-like odors, are going to be studied 
in detail. The results are reported in Chapter 6. 
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     Methyl acetate is a molecule of astrophysical interest with two inequivalent 
internal methyl rotors where a plane of symmetry is supposed to be found in its 
equilibrium geometry. About 30 years ago, the first microwave experiment of methyl 
acetate was published by Sheridan et al. [8]. A fit of 96 transitions, which were 
recorded in the region from 8 to 40 GHz and include the tunneling components due to 
internal rotation of both methyl tops i.e., the acetyl methyl top and the methoxyl top, 
yielded a rather poor standard deviation. With the current techniques the measurement 
accuracy is improved and the standard deviation of the fit can be reduced to the 
experimental accuracy which is currently a few kHz. Therefore, a reinvestigation of 
methyl acetate is reasonable to be done. More rotational transitions which covers a 
reasonably wide range of J and K values and includes all tunneling components due to 
the internal rotations of both methyl tops are needed to obtain improved molecular 
constants. With a collaboration with the S. Melandri group in Bologna, more lines in 
the milimeter-wave region from 59 to 74 GHz with higher J values up to 19 and Ka 
values up to 7 are provided and measured using the Free Jet Apsorption Millimeter 
Wave (FJAMMW) Stark-modulated milimeter-wave spectrometer of [ 9 , 10 ]. To 
analyze the spectrum a new BELGI-CS-2Tops program written by I. Kleiner, which is 
designed for molecules with two internal rotors and CS symmetry, will be used. The 
result of the new investigation of methyl acetate is going to be discussed separately in 
Chapter 5. Also in this chapter, the theoretical considerations for a molecule with two 
inequivalent internal rotors and the symmetry considerations for the methyl acetate 
can be found. Additionaly, the isotopomer methyl acetate-d3 (it refers to the 
isotopomer with an acetyl CD3-rotor) will be synthesized and investigated. 
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2.1 Microwave Spectroscopy 
Spectroscopy is a method to study the interaction between light and matter, which 
encompasses both physical and chemical interactions. By light it is meant the 
electromagnetic radiation of any frequency. A typical spectrum comes from 
e.g. absorption intensity of light, as a function of a frequency of the light. This 
frequency is related to the energy required (as postulated in Planck’s relation) for a 
transition from one energy level to another. Depends on the size of the transition 
energy spectroscopy is classified (see Figure 2.1). The spectrum of rotational 
transition is to be found in the microwave region, which is found in the wavelenght 
between 0.3 mm and 30 cm or the frequency between 1 GHz and 1000 GHz, 
respectively. 
 
Figure 2.1 A schematic representation of different energy transitions. 
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2.1.1 Classical Expressions for the Angular Momenta and Rotational 
Energy 
     The classical vector of an angular momentum of a rigid system is described as [1] 
 ⃗     ⃗  (2.1) 
where  ⃗  is the vector of the angular velocity and   is the moment of inertia tensor 
which is presented in Eq. 2.2 below. 
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In which    is the mass of a particular particle and   ,   , and    are its positional 
coordinates relative to a Cartesian coordinate system.  
To transform the Cartesian coordinate system into principal axes system; the 
coordinate axes have to be chosen in such a way, so that the products of inertia 
vanish, leaving only the diagonal elements, called the principal moments of inertia. 
2.1.2 Asymmetric top molecules 
     Generally the Hamiltonian for asymmetric top molecules (        ) can be 
described as: 
 ̂  
  
 
   
 
  
 
   
 
  
 
   
 (2.3) 
with   ,   , and    are the angular moment operators in principal axes  ,  , and   
direction. 
When all three principal moments of inertia of a molecule are not zero and possess 
different values, the molecule is considered to be asymmetric. The rotational energy 
levels are characterized by three quantum numbers         in the King-Hainer-Cross 
notation [2] or       in the Dennison notation [3]. 
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     A parameter called ray’s asymmetry parameter, which is represented in Eq. 2.4 is 
to describe the asymmetric rotor behaviour [4]. 
  
      
   
 (2.4) 
The A, B and C are the rotational constants with respect to the a, b and c axes. The 
rotational constants are described mathematically in Eq. 2.5 below. 
  
  
   
 
 
 
 
     
    
 
     
    
 
     
 (2.5) 
The limiting values for      and    or     and  , correspond to the prolate and 
oblate symmetric tops, respectively. The most asymmetric top has  =0. The energy 
levels of asymmetric rotors ( ≈-1 or ≈+1) differ from the limiting symmetric top ones 
essentially in that the levels corresponding to Ka and Kc, which are always degenerate 
in the symmetric rotor, are separated in the asymmetric rotor. Thus, an asymmetric 
rotor has        distinct rotational sublevels for each values of  , whereas the 
symmetric rotor has only       distinct sublevels for each values of  . With an 
increase in asymmetry, the “K splitting” increases until there is no longer any close 
correspondence between the two levels and the degenerate K levels of the symmetric 
top. Nevertheless, by connecting the K levels for a given   of the limiting prolate 
symmetric top with those of the limiting oblate symmetric top in the ordered 
sequence; highest to highest, next highest to next highest, and so on, as indicated in 
Figure 2.2; one may obtain a qualitative indication of the levels of the asymmetric 
rotor. 
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Figure 2.2 Relation of the asymmetric rotor energy levels to those off the limiting prolate and oblate 
symmetric top for  =4. The Values of energy levels and the lines representation of the 
variation of the energy levels with K is only approximate. 
 
2.1.3 Selection Rules and Intensities 
     The invariant group of the Hamiltonian of an asymmetric top described in Eq. 2.3 
is a Four-group V with four elements E, R2a, R2b, and R2c which is represented in the 
following Table 2-1. This group contains one identity element E whose operation 
leaves the system unchanged. The geometrical operations R2a, R2b, and R2c represent 
the rotation by 180° about the a, b, and c axes respectively. 
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Table 2-1 Invariant group of the Hamiltionian of an asymmetric molecule. 
 E R2a R2b R2c Operators  
parity 
Ka Kc 
A 1 1 1 1  ̂ 
   ̂ 
   ̂ 
   ̂  e e 
Ba 1 1 -1 -1  ̂  ̂   ̂     e o 
Bb 1 -1 1 -1  ̂  ̂   ̂     o o 
Bc 1 -1 -1 1  ̂  ̂   ̂     o e 
In the first coloumn there is a listing of the conventional symbols for the irreducible 
representations; A is the symbol for one-dimensional and Ba, Bb, Bc are associated 
with translations a, b, c, and rotations R2a, R2b, and R2c. The second coloumn is filled 
with the characters for each irreducible representation. The character for the identity 
operator E reflects the dimension of the irreducible representation, in this case is 1. 
The corresponding operators are given in the third coloumn, followed by the dipol 
moment elements. In the last coloumn the the terms of the ecenness or oddness of Ka 
and Kc, which are reffered to the quantum number of symmetric top, are described (on 
the left side: prolate top with wellenfunction       
     and on the right side: oblate 
top with wave function       
    ; even parity number (symbol: e) is for K = 0, 2, 
4, 6, ... and odd parity number (symbol: o) is for K = 1, 3, 5, 7, … . 
     Generally in asymmetric rotor, three types of pure rotational transitions can be 
observed, if the molecule has non-zero electric dipol moment components in all 
principal axes directions a, b, and c. The intensity of a transition between two states is 
proportional to the square of the matrix element of the electric dipole moments 
between the states, that is, 
  |∫   
  ̂     
 
|
 
 (2.6) 
              
A transition is allowed when the matrix element of the electric dipole moment is not 
zero and this also means     . 
The cross product of the terms   
 ,  ̂ , and   gives the selection rule of rotational 
transition which is represented in Table 2-2. 
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Table 2-2 Selection rule table of an asymmetric molecule. 
   
      ̂        = A    
A   Ba   Ba = A   a type transition       
Bb   Ba   Bc = A   a type transition       
Ba   Bb   Bc = A   b type transition       
A   Bb   Bb = A   b type transition       
A   Bc   Bc = A   c type transition       
Ba   Bc   Bb = A   c type transition       
 
2.1.4 Centrifugal Distoration Constants 
     Molecules are not rigid therefore the effects of molecular vibrations and 
centrifugal distortions must be included in the model in order to accurately fit the 
observed rotational spectra. For a linear molecule the corrected rotational energy 
levels can be expressed as followed (see Eq. 2.7), 
    
 
  [      ]   [      ]   [      ]  (2.7) 
where   is the rotational constants, and   and   are the quartic and sextic centrifugal 
distortion constants, respectively [5]. 
     Until approximately 1970 an improvement of the Hamiltonian of a non-rigid 
asymmetric rotor defined by Kivelson and Wilson was well-established to analyze 
rotational spectra [6]. Using the Kirchhoff’s parameter notation the Kivelson-Wilson 
Hamiltonian is described in Eq. 2.8. 
      
      
      
    ⁄  
 ∑              (2.8) 
From the first three summations rotational constants of rigid rotor,   ,   , and    can 
be derived. The effect of the centrifugal ditortion on the rotational spectra is described 
in the last term. The last term which is also known as    term includes both the 
constants      , the quartic distortion coefficients and the angular momentum 
operators   ,   ,   , and   . The formulation in Eq. 2.8 yields in total 81 non-
vanishing coefficients. Most of these coefficients are equal and for an orthorombic 
system there are nine independent coefficients left. By employing the commutator 
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rules                (where  ,  , and   are in cyclic order) only six linear 
combinations of distortion constants are remaining. It yielded a new Hamiltonian, in 
which new rotational constant  ,  , and   are arised and the distortion term is 
simplified as shown in the following Eq. 2.9. 
     
     
     
    ⁄ ∑     
   
   
  (2.9) 
(               
The six linear combinations of distortion constants mentioned above can be reduced 
into four distortion terms in case of molecules with planarity. The determinable 
parameters are shown in the following equations. 
              (2.10) 
      
  
  
      
  
  
      (2.11) 
      
  
  
      
  
  
      (2.12) 
      
  
  
      
  
  
      (2.13) 
     Dreizler, Dendl, and Rudolph reported the breakdown of Kivelson’s and Wilson’s 
formulation (see Eq. 2.8) while analyzing the non-planar molecules dimethyl sulfide 
and dimethyl sulfoxide [7,8]. Watson found an effective formulation which simplified 
the computation of the energy levels of an asymmetric semirigid rotor and resulted 
reduced Hamiltonian which only depends on five centrifugal distortion constants and 
widely known as Watson’s A reduction[9]. He transformed the standard Hamiltonian 
  of eq 2.9 with a unitary operator   (see Eq. 2.14) 
 ̃         ̃   ̃  (2.14) 
where       , when   is unitary.  ̃  is the reduced quadratic Hamiltonian which 
expresses the asymmetric rotational constants and the angular momentums.  ̃  is the 
reduced quartic Hamiltonian which expresses the distortion term. When the spectral 
data require a higher order Hamiltonian,    terms in, which the sextic distortion 
constants are included, should be employed [10]. 
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It follows that  ̃ if   Hermitian. Since  ̃ has to be purely a function of   ,   , and   , 
then   have to be also such a function. The perect unitary operator has the following 
form 
          (2.15) 
where the matrix may be expressed in the power series expansion. The unitary 
condition required   should be also Hermitian. Due to of molecular symmetry (for a 
orthorombic system) only 
                         (2.16) 
and 
          
              
            
          
          
                    
      
       (2.17) 
are to be taken into consideration although the    only presents in sextic terms. 
The relation between the reduced quartic Hamiltonian  ̃  with the standard 
Hamiltonian expressed in Eq. 2.9 is given in the following Eq. 2.18. 
 ̃      [     ] (2.18) 
Therefore the Nielsen’s constants   ,    ,   ,   ,   , and   , whose relation to the 
 ’s is given in Kivelson and Wilson’s Appendix [11], are now expressed in     , since 
the energy cannot depend on      (see Eq. 2.19-Eq. 2.24). 
 ̃     
 
 
          (2.19) 
 ̃                  (2.20) 
 ̃     
 
 
          (2.21) 
 ̃     (2.22) 
 ̃     
 
 
             (2.23) 
 ̃     
 
 
          (2.24) 
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In the symmetric top the calculated matrix elements of  ̃  with    = 4 are 
proportional to  ̃ . The term      can be chosen so that  ̃  = 0. This change the form 
of  ̃ into a reduced form with only    = 0, 2 matrix elements. Since  ̃  = 0 then 
     is renewly defined as 
                (2.25) 
and results the five nonvanishing coefficients which are able to be determined 
experimentally. The commonly used symbols is for  ̃    ,  ̃      ,  ̃    , 
      and    is unchanged and is therefore retained. 
     It is to be noted that in the present explanation the    axis representation published 
by King, Hainer and Cross [2] is used. Next to this, there are two other axis 
representations, namely     and     . By employing another axis representation 
another set of centrifugal distortion constants will be produced. 
2.2 Quantum Chemical Calculation 
In recent days computational chemistry takes an important role in natural science. It is 
a safe method and now widely employed as a premilinary stage of many chemical 
syntheses. To be able to fulfill this purpose the computational chemistry needs a clear 
definition of theory to understand the concept of chemical bonding, reactions, and 
physical as well as molecular properties which is mostly expressed in a mathematical 
equation. Since the theories of classical mechanics only suitable for macroscopic 
system, quantum chemistry is chosen to describe the microscopic system of molecules 
such as atomic or molecular geometry which is basically understood as many body 
electrons system. The main problem in ab initio quantum chemistry is to obtain a 
solution to the time independent Schrödinger equation. The most elementary 
analytical solution is given by the Hartree-Fock (HF) theory [12] which treats a many-
electrons (N-electrons) system with a relatively simple wave function in a 
determinantal form called Slater-Determinant. 
     This theory is then improved in 1934 by Christian Møller and Milton S. Plesset 
[13]. In their posulate, which is later known as Møller-Plesset perturbation theory, the 
electron correlation effect is added into the exact equation for the eigenstates of the 
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system. The Hartree-Fock solution is set up as the zero-order approximation. It could 
be proven that the first order correction for the energy and the charge density of the 
system is oblviously zero. The lowest non-zero energy correlation is found in the 
second-order (MP2). Higher order energy corrections are formulated for MP3, MP4, 
and so on. They are calculated recursively from lower order corrections. More 
discussion and references about ab initio quantum chemistry methods and the 
pertubated theory are explained detailed in theoretical chemistry handbooks 
[14,15,16]. 
     To perform a theoretical calculation a suitable basis set is needed. A basis set is the 
mathematical description of the orbitals within a system (which in turn combine to 
approximate the total electronic wave function). Basis sets assign a group of basis 
functions to each atom within a molecule to approximate its orbitals. The wave 
functions can take the form of a Gaussian- or a Slater-type orbitals or a combination 
of both types. There are now numbers of basis sets used for performing a quantum 
chemical calculation, but the first step of describing the shape of a wave function, 
aiming the moderately larger organic molecules, was made by W.J: Hehre, R. F. 
Stewart, and J. A. Pople in 1969 [ 17 ]. They systematically determine optimal 
contraction coefficients and   exponents (an exponent developed by Slater and inter 
alia depend on atomic number) for mimicking STOs with the contracted GTOs. The 
basis set is known as STO- G, where   = 2 to 6, and understood as Slater-Type 
Orbital approximated by   Gaussians. 
     However the minimal basis set is inflexible and not accurate for larger atoms with 
higher atomic orbitals than 2p. One way to increase the flexibility of a basis set is to 
‘decontract’ it. Instead of constructing each basis function as a sum of three 
Gaussians, like represented in the minimal basis set STO-3G, one could construct two 
basis functions for each atom orbital (AO), the first being a contraction of the first two 
primitive Gaussians, while the second would simply be the normalized third 
primitive. A basis set with two functions for each AO is called a ‘double- ’ basis and 
the number of functions for each AO can be increased creating higher and higher 
‘multiple - ’ basis set such as ‘triple- ’ basis and so on. Modern examples of such 
basis sets are the cc-pCVDZ, cc-pCVTZ, etc. sets presented by Dunning et al., where 
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the acronym stands for ‘correlation-consistent polarized Core and Valence 
(Double/Triple/etc.) Zeta [18]. 
     By having more flexibility in the valence basis functions than in the core, the basis 
set can be improved. The recognition of this phenomenon led to the development of 
so-called ‘split-valence’ or ‘valence-multiple- ’ basis sets. Amongst the most widely 
used split valence basis sets are those of Pople et al [19,20]. These basis sets include 
3-21G, 6-21G, 4-31G, 6-31G, and 6-311G. The first number indicates the number of 
primitives implemented in the contracted core functions and the numbers after the 
hyphen indicate the numbers of primitives implemented in the valence functions. If 
there are two primitives for the valence functions, it is a ‘valence-double- ’ basis, if 
there are three, ‘valence-triple- ’. Unfortunately split valence basis sets only allow 
orbitals to change its size, but not change the shape. Polarized basis sets introduced by 
Hariharan and Pople can solve this problem by adding orbitals with angular 
momentum beyond what is required for the ground state to the description of each 
atom; e.g. polarized basis sets add d functions to carbon atoms and f functions to 
transition metals, and some of them add p functions to hydrogen atoms [21,22]. The 
symbol ‘*’ (pronounced ‘star’) is used to indicate the presence of the polarized 
functions. In 6-31G* basis set, a set of d functions is added to polarize the p functions 
in 6-31G and adding a second star, e.g. 6-311G(d,p),  implies the p functions on 
hydrogen and helium. If diffuse condition presents which may exist in the highest 
energy MOs of anions, in the highly excited electronic states or in loose 
supermolecular complexes, another flexible basis set is needed to allow a weakly 
bound electron to localize far from the remaining density, to avoid significant errors 
in energies and other molecular properties. Such basis set needs the presence of 
diffuse functions indicated by a ‘+’ in the name of the basis set. . The 6-31+G* basis 
set means that the heavy atoms have been augmented with an additional one s and one 
set of p functions having small exponents. A second plus in the basis set, such as 
6-311++G(d,p), indicates the presence of diffuse s functions on hydrogen. The diffuse 
functions for Dunning basis sets are indicated by prefixing with ‘aug’, e.g. 
aug-cc-pVTZ which means diffuse f, d, p, and s functions are added on heavy atoms 
and diffuse d, p, and s functions on hydrogen and helium. 
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 3  
THE METHODS 
3.1 Molecular Beam Fourier Transform Microwave 
Spectrometer 
The mechanical setup of Molecular Beam Fourier Transform MicroWave 
(MB-FTMW) spectrometers in the present day is based on the setup of the pioneer 
MB-FTMW spectrometer published by Balle and Flygare in 1981 [1,2]. With some 
improvements and the development of technical equipment, the Kiel microwave 
group published a MB-FTMW spectrometer which is now used in the laboratory of 
Molecular Spectroscopy Research Unit of Institute of Physical Chemistry in the 
RWTH Aachen University. This spectrometer encompasses microwave measurements 
in the frequency range between 3 to 26.5 GHz [3]. From its original version, the 
spectrometer has gone through some changes such as relocation of the nozzle from a 
perpendicular to a coaxial arrangement of the microwave resonator which resulted in 
a longer transit time of the polarized gas through the active region of the cavity. 
Thereby, the line width become significantly narrower and the sensitivity of the 
spectrometer has been increased. Moreover, the perturbation of the cavity mode 
pattern caused by the nozzle orifice in the surface of the mirror does not exist 
anymore. This modification was done by Grabow et al. in 1991 [4,5]. The other 
spectrometer, which is also used in this work, was published in 1994 [ 6]. This 
spectrometer has a higher frequency range. It is operated from 26.5 to 40 GHz. The 
mechanical setup of both spectrometers can be found in the respective publications. 
     Next, it will be explained what the molecule experiences under microwave 
radiation in the spectrometer and about the process of recording the spectrum from 
beginning to end. First of all, the molecules must have electric dipole moments which 
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couples with the microwave radiation field in order to induce rotational transitions. 
Before the experiment begins the test molecules should be mixed with a certain 
carrier gas in a mixture of 1% of the substance and 99% of the carrier gas. Helium, 
neon or argon are commonly used as carrier gas. 
     A timing diagram of the experiment is given in Figure 3.1. The procedure of 
recording the spectrum can be devided into three phases. 
 
Figure 3.1 A schematic presentation of a single measurement using a MB-FTMW spectrometer in a 
timing diagram supplemented with the illustration of the direction of the dipol moments 
and the energy levels. It should be noted that the time axes are not to scale. 
 
The 1
st
 phase is called the “molecular beam” phase. During this time the nozzle is 
opened and the test molecules are entering the resonator. The puls length of the nozzle 
can be set to at least 10 s to a maximum of 320 ms in 10 s intervals. In the 
experiment the puls length is usually set to approximately 1 ms. The resonator resides 
in a vacuum chamber with a pressure of the order of 10
-6
 to 10
-7
 mbar. The gas 
mixture undergoes free expansion and is thereby colled down due to the Joule-
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Thomson effect. According to the Boltzmann distribution the number of the 
population of the lower energy state Jlow increases because the members of the higher 
energy state Jhigh are moving to Jlow. The population is represented by red balls in 
Figure 3.1. The two levels energy diagram is used for visualizing the changes in the 
population. At this moment the direction of the dipol moments of the particles are still 
statistifically distributed. The blue arrows with yellow rings illustrate the direction of 
the dipol moments of rotating particles. It should be noted that the directions of the 
dipol moments and the rotation of the particles are not fixed in space. Two phases of 
the experiment are separated by a certain time delay. There are two delay times that 
will be called 1 for the 1
st
 time delay and 2 for the 2
nd
 time delay, henceforward. 
They can be set from a minimum of 100 ns to a maximum of 3.2 ms in 100 ns 
intervals. In the experiment both time delays is usually set to approximately 20 s. 
     After 1 the 2
nd
 phase follows which is called the “microwave” phase. A 
microwave synthesizer generates the microwave signal which takes the molecules to 
the higher rotationally excited state. The length of the microwave pulse can be varied 
from a minimum of 100 ns to a maximum of 3.2 ms in 100 ns intervals. It is usually 
set to a value of 0.5 s. When the molecules begin to absorb the microwave radiation, 
they change from Jlow to the excited state Jhigh corresponding to the Bohr condition 
h = E. The dipol moments begin to align and rotate synchronously. The 
accumulation of the dipol moment vectors induce a macroscopic rotating dipol 
moment called the polarization of the system. 
     After another time delay 2 the transient recorder begins with the data acquisition, 
the 3
rd
 phase. At this time the population number N in Jhigh and Jlow are equal, i.e. 
N = 0. This phase is approximately as long as the molecular pulse. Figure 3.2 shows 
an example of a typical spectrum of a rotational transition recorded by an MB-FTMW 
spectrometer. The spectrum is recorded in time domain and the frequency domain 
spectrum is obtained through a Fourier transformation. 
     All spectral lines appear as doublets. This is due to the fact that the molecules are 
in motion when the detector is collecting the data of the emitting molecules. 
According to the mechanical setup of the MB-FTMW spectrometers used in the 
experiments the molecular beam is arranged parallel to the direction of the microwave 
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propagation. Therefore, the detector receives two different frequencies. One 
frequency comes from the molecules which are moving towards the detector and 
another frequency comes from the molecules which are moving away from the 
detector. This is called the Doppler effect and the doublets observed in the 
experiments are known as Doppler splitting. The rest frequency of the molecules is 
the average of both frequencies of the doppler splitting. The Doppler splitting    is 
proportional to the velocity of the moving particles   and the polarizing frequency     
which can be described by 
    
 
 
   (3.1) 
with   as the speed of light which is 299792458 ms-1. The velocity of the molecules   
is approximately equal to the velocity of the carrier gas. 
 
Figure 3.2 A spectrum of a c type transition of ethyl butyrate from 524514 in Helium. Pressure in 
the resonator is approximately 10-7 mbar. Molecular beam is parallel to the axis of the 
resonator. The polarizing frequency is 12796.319 MHz. Recording conditions: 40ns 
sample interval, 2k (2048) data points, 500 experiment cycles. The time domain FID 
spectrum is colored in red and the frequency domain spectrum in blue. 
 
Helium is chosen as carrier gas for all experiments in this work. The rotational 
cooling might not be as effective as with neon or argon but it enables us to observe 
relatively high J values with sufficient intensity. 
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3.2 Theoretical Calculation 
Theoretical calculations have become a suitable and supporting instrument for 
microwave spectroscopy, especially for assigning conformers. The geometry 
optimizations were carried out using the GAUSSIAN 03 package [7], installed on the 
computer cluster of the Centre of Computing and Communication (CCC) of the 
RWTH Aachen University using the LINUX operating system. Unless otherwise 
stated, all theoretical calculations in this work use the MP2 method and the 
6-311++G(d,p) basis set. In Oktober 2011 the new GAUSSIAN 09 package was 
installed [8]. Therefore, a few calculations were carried out using GAUSSIAN 09. A 
specific quotation for each calculation to which version of GAUSSIAN was used is 
considered unnecessary. Henceforward, the program refered to as GAUSSIAN is 
connected either to GAUSSIAN 03 or to GAUSSIAN 09 program package. 
The personal computer for data analysis uses WINDOWS operating system. The 
specifications of the personal computer are shown below: 
 Processor : Intel® Core™ i7-930 Processor (8M Cache, 2.80 
GHz, 4.80 GT/s Intel® QPI) 
 System Type : Windows 7, Service Pack 1, 64-bit Operating 
System 
 Installed memory (RAM) : 6.00 GB 
To be able to run GAUSSIAN at the CCC cluster, which is installed in the UNIX 
environment, the following supporting programs were needed: 
(1) NXclient: is a software made by an Italian software company NoMachine. 
This software can access a client installed in the CCC cluster via a secured 
shell protocol (SSH). 
(2) WinSCP: is the acronym of Windows Secure CoPy. This program is used for 
secure file transfer between a local and a remote computer. The WinSCP 
software offers a file manager and a file synchronization funcionality. 
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3.3 Supporting Program for Spectra Analysis 
3.3.1 MWDOP4 
      The program MWDOP4 was written by V. Typke [9]. This program calculates the 
microwave rotational spectra of asymmetric top molecules by including the 
centrifugal distortion contributions up to quartic terms. The rotational energy levels 
are calculated from the Hamiltonian of the semirigid asymmetric rotor which makes 
this program essential to predict the spectra of semirigid asymmetric top molecules. 
3.3.2 XIAM 
      The program XIAM was written by H. Hartwig [10]. XIAM uses the eXtended 
Internal Axis Method introduced by R. C. Woods [11,12]. This program is designed 
to predict and fit the rotational spectrum of an asymmetric molecule involving up to 
three symmetric internal rotors and one nucleus leading to a weak nuclear quadrupole 
coupling. The program is also equiped with centrifugal distortion constants up to the 
6
th
 order for the overall rotation [13,14,15]and up to 4
th
 order distortion constants 
between the internal and overall rotation [16]. In this work Watson’s A reduction in a 
I
r
 representation is commonly used, next to Watson’s S, and van Eijck-Typke 
reduction which are also provided in XIAM. 
3.3.3 BELGI-C1 
      The BELGIan Internal Rotor (BELGI) program is written by I. Kleiner. It is 
devided into different complementary packages depending on the type of the 
molecule. The program BELGI-C1 is created for fitting the spectra of molecules with 
one methyl rotor and no symmetry at equilibrium [17,18]. This program can be used 
for global fit of rotational levels up to Jmax = 30 and global fit of the A and E species 
up to m=9 torsional states. In all BELGI programs the molecules are treated with the 
Rho Axis Method (RAM). In this work this program is applied for global fits on 
acetic acid ester molecules with C1 symmetry which can be found in the chapters 
4.3.1, 4.3.2, 4.3.3, and 4.3.5. 
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3.3.4 BELGI-CS 
      The program BELGI-CS fits spectra of molecules with one methyl rotor and a 
plane of symmetry at equilibrium [19]. In this work this program is used for the 
methyl acetate-d3 molecule. 
3.3.5 BELGI-CS-2Tops 
      The BELGI-CS-2Tops is a program designed for fitting torsion–rotation spectra of 
molecules with: (i) two inequivalent methyl rotors, (ii) two different three-fold 
barriers, and (iii) a plane of symmetry at equilibrium. The first molecule to test this 
program is methyl acetate which will be discussed in Chapter 5, in detail. 
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 4  
THE ACETATES 
4.1 Asymmetric Molecules with One C3V Symmetric Internal 
Rotor 
Molecules with hindered internal rotation are the subject of interest of this 
dissertation. The acetic acid esters reported in this chapter represent the molecules 
with one internal rotation that belongs to a C3V symmetry acetic methyl (-CH3) group. 
The interaction of the internal rotation with the over-all rotation performes certain 
effects in the rotational spectrum which can be observed by the MB-FTMW 
spectrometer. 
     One complete internal revolution of an internal rotor in a molecule means that the 
potential function must repeat N times with N is the number of equivalent positions 
within the interval of = 0 to 2. Such potential function can be described in a cosine 
series as [1] 
     ∑           
    
   
 
(4.1) 
Figure 4.1 shows a typical cosine potential function which arises from a hindered 
rotor with threefold symmetry e.g., the acetyl methyl rotor of the acetic acid esters. Its 
potential energy is a Fourier expansion written as 
     
  
 
          
  
 
            (4.2) 
For the case of a threefold barrier the V6 and the other higher order terms are usually 
much smaller than the V3 term, a ratio of the order of one-hundreth or less, thus one 
can consider only the threefold terms in the Fourier expansion of the potential energy 
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to make a good approximation. This simplification is useful to find the solutions for 
the torsional Schrödinger equation [1], 
[  
  
   
 
  
 
         ]    ,  (4.3) 
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  (4.4) 
and     ∑    
   
  
       , where               (4.5) 
 via Mathieu’s differential equation described below,  
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Figure 4.1 A schematic representation of rotational-torsional energy diagram with three equivalent 
potential energy minima (N=3). On the left the torsional state quantum numbers V are 
given. The torsional sublevel (A and E species) spacing increases according to the 
torsional energy. A number of rotational transitions appear in different torsional states. It 
should be noted that the energy diagram is modified from [2]. 
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The kinetic energy of the semirigid model can be expressed in the following form 
  
 
 
             (
  
  
  
  
) (4.7) 
where   ,   , and    are the components of the overall angular velocity in a 
principal axis system,    is the internal angular velocity of the internal rotor [1]. 
Since the internal rotor axis is perpendicular to the symmetry plane, the   tensor of the 
moment of inertia takes the form 
   (
        
         
           
           
  
          
          
       
) (4.8) 
where   ,   , and     are the principal moments of inertia of the whole molecule,    is 
the moment of inertia of the internal rotor, and    ,    , and     are the direction 
cosines of the internal rotation axes with respect to the principal axes. The internal 
rotor is arranged within the ab-plane i.e.,                   and             
     The solution of the torsional equation in Eq. (4.3) yields nondegenerate 
eigenfunctions and doubly degenerate pairs of eigentfunctions corresponding to the 
symmetry species A and E of the C3 group in this case. The complexity of the fine 
structures depends on the height of the hindering barrier. One can conclude; if the 
hindering barrier is considered high i.e., of the order of above 300 cm
-1
, the tunneling 
effect fades away and the splitting of the torsional sublevels (it refers to the spacing 
between the A and E species) becomes smaller, as the result. Contrariwise, the 
splitting becomes bigger if the hindering barrier is low such as observed in 
nitromethane (CH3NO2) [3,4] and methyl difluoroboron (CH3BF2) [5,6] of which the 
barriers are determined to be less than 5 cm
-1
. 
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4.2 Nomenclature for Aliphatic Hydrocarbon Compounds 
While studying the structure of the esters, it is found that the larger the molecule 
become, more stable conformers appear. Since the number of the rotamers is quite 
large, it is no longer possible to indicate the rotamers only by gauche or anti, which is 
more suitable for cases of small esters such as ethyl formate [7] or ethyl acetate [8]. It 
requires a systematic and significant notation based on the geometry of each isomer. 
Isoamyl acetate (the structure is given in Figure 4.2) is a small saturated aliphatic 
ester yet has more carbon atoms in the alcohol rest. This molecule is a suitable test 
molecule to present the nomenclature system of aliphatic hydrocarbon molecules 
which is explained below. 
     The carbon atoms in the isoamyl group are sp
3
 hybrids and take an approximately 
tetrahedral geometry. Thus, rotating the C-C bond raises three energy minima. The 
conformations of a molecule in these minima are called rotational isomers, which is 
shortened to rotamers henceforward, also known as staggered conformations.  
 
Figure 4.2 The structure of the rotamer aa(P,M) of isoamyl acetate along with torsional angles and 
atom labels as given in Gaussian. 
Cahn, Ingold, and Prelog in 1966 [9] considered three energy minima for a system of 
sp
3
 hybrids and defined the conformations of alkyl halides based on the concept of a 
“conformational helix”. It depends on its torsional angles, whether a helix has a right 
or left handed screw sense. It is denoted as P (“Plus”) if the torsional angle is positive 
and M (“Minus”) if the torsional angle is negative. Moreover, they put the symbol a 
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(“antiperiplanar”) to denote the antiperiplanar conformations or the conformations 
where the torsional angles are about 180°. Isoamyl acetate has a similar carbon 
backbone as an alkyl halide and it can be treated in a similar way. It is decided to 
adopt this notation and adjust it for the case of isoamyl acetate and other larger ester 
(hydrogen carbon) systems, generally. 
Below, the notation for systems with three energy minima is summarized: 
1) Plus (symbol “P”) indicates the plus synclinal conformations, corresponding 
to torsional angles within the range of +30° to +90°. 
2) Antiperiplanar (symbol “a”) indicates the trans, antiperiplanar, or E (Ger. 
entgegen, opposite) conformations, corresponding to torsional angles 
between -150° and +150°. 
3) Minus (symbol “M”) indicates the minus synclinal conformations, 
corresponding to torsional angles within the range of -30° to -90°. 
The Newman projections of these conformations are illustrated in the Figure 4.3. 
 
Figure 4.3 Stereochemical notations in Newman projection for the definition of the XCCY dihedral 
angle. 
The ester (R1-COO-R2) can take either the cis or trans conformation. To build the 
cis conformers, the molecules have to overcome a high torsional barrier of about 
40 kJ/mol around ii [10]. Since it is higher in energy and unlikely to be observed 
under molecular beam condition, the cis conformations will not taken into 
consideration in this study. 
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     Next, it will be explained how the nomenclature mentioned above works on the 
case of isoamyl acetate. The rotation of each torsional angle iii, iv, and v of isoamyl 
acetate results in three sets of three staggered conformations. It yields in total 9 
rotational elements which are illustrated in Figure 4.4. 
 
 
Figure 4.4 Rotation elements of isoamyl acetate. 
     It will be next discussed and explained, how the symbols of the rotational elements 
are systematical written in the notation and how the geometries of the conformers 
become clear only by knowing their names. In the first place, the rotational elements 
must include the conformational symbols P, a, or M. Furthermore, in order to indicate 
the torsional angle and the direction from which the Newman projection is viewed, it 
is necessary to label the atoms with numbers. The atom numbering of isoamyl acetate 
as used in this dissertation is represented in Figure 4.2. The numbers of the ligands in 
the background (it refers to the Newman projection) should be written as a subscript 
in front of the conformational symbols and the numbers of the ligands in the 
foreground as a superscript behind the symbol. To denote one rotamer, the rotational 
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elements must be arranged consecutively and put in an ascending sequence according 
to the atom numbering. The torsional angle iii can take two viewing directions, either 
from O3 to C8 or from C8 to O3. This also holds for the other two torsional angles, 
iv and v. In Figure 4.4, it can be recognized that the conformational symbol is 
independent from the viewing direction and only the atom labels have to switch 
places. Since two methyl groups appear in the Newman projection of the torsional 
angle v, the rotational elements consist of two conformational symbols which are 
separated by a comma to define the location of each methyl group. There are three 
rotational elements which are possible for v, these are (M,a), (a,P), and (P,M). 
     The conformer of the isoamyl acetate illustrated in Figure 4.2 is taken as an 
example. The name of the rotamer is written in the following way: 11a
1
-14a
3
-
(16P
8
,20M
8
). As explained before, the conformational symbols are independent from 
the viewing direction, which means that the atom numbering can be hidden and the 
notation can be abbreviated to aa(P,M). The first letter 11a
1
 refers to the rotational 
element for iii (Figure 4.4 in the 1
st
 column, 2
nd
 row). The carbon atom C11 of the 
isobutyl group, R-CH2-CH(CH3)2, is antiperiplanar to the C1 of the acetyl group, 
R-COCH3. If the viewing direction is changed from C8 to O3, so that the acetyl group 
is now in the background and the isobutyl group is in the foreground, it can be seen 
that both ligands are also related by the antiperiplanar conformation. Obviously, 
changing viewing direction does not change the a, P, and M symbols and the 
rotational elements, respectively. The second letter 14a
3
 refers to the rotational 
element for iv. The carbon atom C14 of the isopropyl group, R-CH(CH3)2, is 
antiperiplanar to the oxygen atom O3 of the acetate group, R-O-COCH3. Also in this 
case, changing the viewing direction does not change the rotational element. The last 
two letters in the bracket refer to the rotational element for the last torsional angle v. 
This rotational element is slightly different compared to the other two rotational 
elements. It consists of two letters, of which the first one, 16P
8
, describes the 
conformational relation between the carbon atom of the first methyl group C16 and 
C8, and the second one, 20M
8
, describes the conformational relation between the 
carbon atom of the second methyl group C20 and C8. Just like the other cases, the 
rotational element for v remains the same, when another viewing direction is taken. 
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All 9 rotational elements build a 3 x 3 x 3 tree structure and yield 27 rotamers in total 
(Table 4-1). Only the rotamers aa(P,M) has CS symmetry. The other 26 rotamers, 
which have C1 symmetry, form 13 enantiomeric pairs. Each enantiomeric pair shares 
the same rotational constants and electronic energy. It should be noted that all point 
group notation used in this work refers to the Schönflies notation. 
Table 4-1 List of all rotamers of isoamyl acetate 
Symmetry Rotamer Mirror Image 
CS aa(P,M) 
C1 aa(a,P) aa(M,a) 
C1 aM(M,a) aP(a,P) 
C1 aM(P,M) aP(P,M) 
C1 aM(a,P) aP(M,a) 
C1 PP(M,a) MM(a,P) 
C1 PP(P,M) MM(P,M) 
C1 PP(a,P) MM(M,a) 
C1 Pa(M,a) Ma(a,P) 
C1 Pa(P,M) Ma(P,M) 
C1 Pa(a,P) Ma(M,a) 
C1 PM(M,a) MP(a,P) 
C1 PM(P,M) MP(P,M) 
C1 PM(a,P) MP(M,a) 
The nomenclature and notation for aliphatic hydrocarbons explained in this chapter is 
published by Sutikdja et al. [11]. It will be applied in all ester molecules studied in 
this work and also for other molecules in the future. 
4.3 The Molecules 
4.3.1 Isoamyl Acetate 
      Isoamyl acetate, H3C-COO-(CH2)2-CH(CH3)2, is a saturated aliphatic acetic acid 
ester with an isoamyl rest. The substance appears as a volatile colorless liquid with a 
boiling point of 142°C [12], which strongly smells like bananas and naturally occurs 
in ripe bananas, apples, and other fruits. Therefore, of isoamyl acetate has a widely 
spread application as a flavor in the food industry and is also known as banana 
oil [13]. 
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4.3.1.1 The Structure 
Isoamyl acetate is build from acetic acid and isoamyl alcohol through an esterification 
catalyzed by an acid. The molecule has 7 C atoms, 14 H atoms and 2 O atoms totally. 
The 3-dimensional illustration of this molecule is shown in Figure 4.2 and where also 
the atom numbering is given. 
4.3.1.2 Theoretical Results 
There are three torsional angles around the O3-C8, C8-C11, and C11-C14 bonds 
described as iii, iv, and v in Figure 4.2, which are crucial to build the rotamers of 
isoamyl acetate. As mentioned above, only the rotamers where ester rests are arranged 
in the trans conformations will be taken into consideration in this study. There were 
totally 27 input geometries used for calculations at the MP2/6-311++G(d,p) level of 
theory and only 25 rotamers turned out to be stable. The other two rotamers, 
PM(P,M)/MP(P,M), were not found to be stable which might be due to strong 
repulsion between the -electrons of the carbonyl group, C1=O2 or the lone pair of 
the oxygen atom, O2, and the carbon or hydrogen atoms of the isoamyl group. One 
hydrogen atom, H18, of the methyl group of C16 is very close to the carbonyl group 
and only about 0.6 Å apart from the -electrons. Another torsional strain exists 
between the methyl group of C20 and the lone pair of the oxygen atom, O2. The atom 
positions in the principal axis system of all calculated rotamers can be found in Table 
B.1-Table B.25 in the appendix. There, also the input geometry parameters (Table 
C.1-Table C.3) and the optimized parameters obtained from the Gaussian output files 
(Table C.4-Table C.6) are found. 
     By studying the structural properties of the calculated rotamers, no unusual bond 
lengths and bond angles were found. The shortest bond length is the bond length 
(C-H) which has an average value of about 1.1 Å. This is followed by the bond 
length of the carbonyl group (C=O) which is 1.2 Å in average, as expected for the 
C=O double bond. It is clearly smaller than the single bond with (C-O)~1.4 Å. The 
largest bond length belongs to the single bond of the carbon atoms (C-C), where the 
carbon atoms are about 1.5 Å apart from each other. 
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Figure 4.5 3-dimensional Illustration of 27 trans conformers of isoamyl acetate. 
 
(a) 
(b) (c) 
(d) (e) 
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The angles  (O2=C1-O3)≈124° and  (C4-C1-O3)≈126° are close to 120°, as 
expected for a planar structure with sp
2
 hybridization. It is also confirmed that the 
angle of the atoms, which are arranged according to the sp
3
 hybridization, are close to 
109°, except for the angles which underdo bigger strains. Such strains are observed 
for the angles  (C1-O3-C8) of all rotamers in the family PM(x,x)/MP(x,x) (see 
Figure 4.5 at the bottom right) for which the angles are increased about two degrees 
compared to the average value. Moreover, the steric hindering that appears in these 
rotamers has caused a violation of the conformational rules about the torsional angles 
explained in Chapter 4.2. By analyzing the rotamers PM(a,P)/MP(M,a) it is found 
that the dihedral angles iii seem to deviate about 10 degrees from the limit of a 
plus-synclinal or minus-synclinal conformation, respectively. The dihedral angles iv 
and v still obey these rules, but the values are almost out of range. For the rotamers 
PM(M,a)/MP(a,P) however, it seems that the steric hindering does not influence the 
geometry of isoamyl acetate that much, the dihedral angles iv and v still agree with 
the conformational rule and only the dihedral angles iii are probably not able to 
withstand the strain and have to break the rule by rotating to the anticlinal 
conformation of about +105° (or -105° respectively to the minus-anticlinal 
conformation). 
     From the Gaussian output the energies of the rotamers, the dipole moments, and 
the rotational constants are obtained, which can be found in Table 4-2. The energies 
of the absolute minima of 13 rotamers of isoamyl acetate are represented in Figure 
4.6. In the case of enantiomeric pairs only one enantiomer is given as a representative, 
since they share the same energy values and rotational constants. The rotamers 
PP(a,P) and its enantiomer MM(M,a), which will be referred to as rotamers 
PP(a,P)/MM(M,a) henceforward, were found to have the lowest energy. The next 
higher energy belongs to the rotamers aM(M,a)/aP(a,P) which is only 0.19 kJ/mol 
above the energy minimum of the rotamers PP(a,P)/MM(M,a). This energy 
difference is very small and probably still within the uncertainty of the theoretical 
calculation. Although the rotamers aM(M,a)/aP(a,P) are not the conformers predicted 
to be the lowest in energy, they are more likely to be observed in the molecular beam. 
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Figure 4.6 The relative equilibrium energies of all rotamers of isoamyl acetate calculated at the 
MP2/6-311++G(d,p) level of theory. The dotted line is just a guide for the eye. The grey 
shaded area refers to the observed conformer. 
These conformers are recalculated at different levels of theory, Hartree-Fock (HF) and 
DFT (B3LYP), without varying the basis set, 6-311++G(d,p). The energy differences 
obtained from the Gaussian calculations are illustrated in Figure 4.7. In contrast to the 
MP2/6-311++G(d,p) energies, the calculations at the HF/6-311++G(d,p) level as well 
as at the B3LYP/6-311++G(d,p) level suggest that the rotamers aM(M,a)/aP(a,P) are 
lower in energy than the rotamers PP(a,P)/MM(M,a). At this point, it is still 
uncertain if the rotational spectrum of the rotamers PP(a,P)/MM(M,a) will be 
observed. Therefore, the study was started with the investigation of the rotamers 
aM(M,a)/aP(a,P). 
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Figure 4.7 Comparison between different quantum chemical methods on rotamers aM(M,a) and 
PP(a,P) using the same basis set 6-311++G(d,p). 
     The dipole moments of all calculated trans conformers are about 2.0 Debye. The 
smallest dipole moment belongs to the rotamers Pa(M,a)/Ma(a,P) and the biggest 
belongs to the rotamer aa(P,M) which has CS-symmetry (see Table 4-2). 
     The quantum chemical calculation predicted isoamyl acetate to be near prolate top. 
The theoretical rotational constants of different rotamers are represented in Figure 4.8 
and the angles between internal rotation axis and inertial axes are represented in 
Figure 4.9. 
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Figure 4.8 The rotational constants A, B, and C of all rotamers of isoamyl acetate calculated at the 
MP2/6-311++G(d,p) level of theory. Lines connecting the calculated rotational constants 
are only guides for the eye. The horizontal lines represent the observed rotational 
constants. The grey shaded area refers to the observed conformer. 
 
Figure 4.9 Angles between the internal rotor axis and the principal axes a, b, and c of all rotamers of 
isoamyl acetate calculated at the MP2/6-311++G(d,p) level of theory. Lines connecting 
the calculated angles between internal axis and the principal axes are only guides for the 
eye. The horizontal lines represent the observed angles. The grey shaded area refers to the 
observed conformer. 
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4.3.1.1 Spectral Analysis and Spectroscopic Results 
While taking broadband scans in the range from 10.0 to 13.3 GHz, many lines, partly 
grouped to regular structures, partly appearing as single lines, were observed. From 
ab initio calculations at the MP2/6-311++G(d,p) level of theory it was clear that even 
under molecular beam conditions a number of different conformers should be visible. 
Starting with the rotamers aM(M,a)/aP(a,P) which has a relatively low energy and 
was predicted to be a near prolate top with the rotational constants of A=3.31 GHz, 
B=0.73 GHz, and C=0.70 GHz, it is expected to find some a type transitions, which 
should occur in narrow clusters of lines separated by B+C≈1.4 GHz. 
     All lines within these clusters appeared doubled, this was most striking for the 
strong Ka=1 a type lines. This doubling was interpreted as A-E splittings due to the 
internal rotation of the acetyl methyl group. No splittings due to the isoamyl or 
isopentyl group -C5H11 (or due to both methyl groups fixed on the isoamyl group) 
were observed as the barriers are obviously too high. By trial and error the A species 
a type transitions were assigned using a rigid rotor program and finally effective B 
and C rotational constants were obtained, while the C constant was fixed to its ab 
initio value. Also the J and the JK centrifugal distortion constant could be 
determined and the observed frequencies could be predicted within experimental 
accuracy. It was also known from ab initio calculations that sufficiently large dipole 
moment components should exist for all principal axes. 
     As a first step the E species a type lines were assigned using the program XIAM 
[14] which treats internal rotation by combining the -axis method and the principal 
axes method (PAM) [15]. As an initial guess the value of the rotational constant of the 
A species determined using the rigid rotor program was used. The barrier to the 
internal rotation was assumed to be 99.56 cm
-1
. This value was taken from the 
Sheridan et al. work from 1980, who have investigated the rotational spectra of 
methyl acetate and estimated the internal rotational barrier [16]. The angles between 
the internal rotation axis and the inertial axes were derived from the geometry of the 
rotamers aM(M,a)/aP(a,P) obtained by ab initio methods using the atom positions in 
the principal axis system available in Table B.11 and in Table B.15 in the appendix. 
The predicted lines given by the XIAM code agreed nicely with those observed in the 
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spectrum and both the A and the E species could finally be described sufficiently 
well. Only the A constant was still very uncertain at that stage. Some b-type Q 
branches were then predicted, which also have been observed as regular structures in 
the spectra. They were than used to adjust the A constant, until a good agreement with 
the experimental data was achieved. 
     In total 258 lines, where 140 lines belong to the A species and 118 lines to the E 
species, could be fitted with the program XIAM with a root-mean-square deviation of 
17 kHz and the results of the fit are given in the third column of Table 4-3. 
Table 4-3 Comparison of molecular constants for the observed conformer of isoamyl acetate, 
rotamers aM(M,a)/aP(a,P), obtained from XIAM, BELGI-C1, and quantum chemical 
calculation. 
Constant Unit XIAM BELGI-C1 (PAM) Gaussian
a
 
A GHz 3.2799235(12) 3.2809144(33)
b
 3.307 
B GHz 0.7115582(18) 0.7129805(30)
b
 0.725 
C GHz 0.6897250(22) 0.69014460(81)
b
 0.702 
J kHz 0.15753(67)   
JK kHz 0.2849(42)   
K kHz 3.986(21)   
J kHz -0.01094(53)   
JK kHz -3.91(12)   
Dpi2j kHz 61.55(16)   
Dpi2- kHz 32.68(47)   
F0 GHz 149.195(21) 149.3048(32)  
I uÅ
2 
3.38737(47)
c
 3.384861(72)
c
 3.197 
V3 GHz 2816.64(39) 2817.522(28)  
 cm
-1 
93.953(14)
d
 93.98242(93)
d 
  
 kJ/mol 1.12393(16)
d
 1.124280(12)
d
  
 (i,a) degrees 60.2293(8) 60.18940(17) 62.496 
 (i,b) degrees 30.7241(54) 30.68609(71) 28.021 
 (i,c) degrees 96.912(18) 96.6220(28) 94.946 
e kHz 17.0 2.9  
s  8.31500
f
 8.31756
f
  
Note: All constants refer to the principal axis system, for the centrifugal distortion constants 
Watson’s A reduction and a Ir representations was used. 
a 
Calculation at the MP2/6-311++G(d,p) level using Gaussian 03, 
rotamers aM(M,a)/aP(a,P). 
b
 Obtained by transformation from the rho axis system to the principal axis system. 
c
 Moment of inertia I of the internal rotor, calculated from its rotational constant F0. 
d
 Hindering potential, calculated from value in frequency units. 
e
 Standard deviation of the A/E species fit. 
f
 Reduced barrier 
F
V
s
9
4 3 . 
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The rotational constants obtained experimentally and by ab initio calculations are 
compared in Figure 4.8. The angles between the internal rotation axis and the inertial 
axes of different rotamers are compared in Figure 4.9. The best agreement is found for 
the rotamers aM(M,a)/aP(a,P). From this, it is concluded that the rotamers 
aM(M,a)/aP(a,P) have been identified in the molecular beam. 
     From the quantum chemical calculation on the MP2/6-311++G(d,p) level of theory 
rotamers PP(a,P)/MM(M,a) turned out to be the most stable conformers. For these 
rotamers a type transitions were expected in steps of B+C = 1.7 GHz. However, such 
a series of lines could not be identified in the spectrum. 
     The same 258 spectral lines (140 lines for the A species and 118 lines for the E 
species) fitted by the XIAM code were successfully fitted using another internal 
rotation program, the BELGI-C1 code, described in detail in 2003 by 
Kleiner et al. [17] and available at the PROSPE website[18]. The BELGI-C1 code is 
an extension of the RAM model (Rho Axis Method) for treating molecules containing 
one internal C3v rotor but for which the rest of the atoms of the molecule do not have a 
plane of symmetry at equilibrium (C1 molecules). It has succesfully fitted the spectra 
of molecules with one methyl rotor and C1 symmetry like the ethylacetamidoacetate 
molecule [19] and allyl acetate molecule [20]. The results for the BELGI-C1 code of 
isoamyl acetate are shown in Table 4-4. A complete list of all fitted transitions is 
given as supplementary material in Table A.1 in the appendix. The overall standard 
deviation of the fit using BELGI is 2.9 kHz, indicating that the theoretical model 
reproduces the observed transitions within almost experimental accuracy. The 
A species lines were fitted with a standard deviation of 3.1 kHz and the E species 
lines fit with a standard deviation of 2.6 kHz. Since isoamyl acetate has one internal 
methyl rotor and C1 symmetry, which means that the methyl top axis is not required to 
lie in the principal axis ab plane, one additional off-diagonal term is needed. This 
term is called the Dac parameter (obtained by multiplying the PaPc+PcPa operator). The 
Dac value for the case of isoamyl acetate is not so large, in comparison to the allyl 
acetate molecule whose Dac value was 1.011141(13) GHz about 25 times bigger than 
its Dabvalue [20]. 
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Table 4-4 Molecular constants of isoamyl acetate, rotamers aM(M,a)/aP(a,P), obtained by a global 
fit using the program BELGI-C1. 
Constant
a 
Parameter
b BELGI-C1 
notation 
Unit Value
c 
Pa
2 
A OA GHz 2.9582257(28) 
Pb
2 
B B GHz 1.0353123(24) 
Pc
2 
C C GHz 0.69050142(76) 
{Pa,Pb} Dab DAB GHz -0.8512215(32) 
{Pa,Pc} Dac DACI GHz 0.0077626(33) 
–P4 J DJ kHz 0.41400 (26) 
–P2Pa
2
 JK DJK kHz -4.1946(38) 
–Pa
4
 K DK kHz 10.4281(89) 
–2P2(Pb
2–Pc
2
) J ODELN kHz 0.11786(17) 
–{Pa
2
,(Pb
2–Pc
2
)} K ODELK kHz -0.5507(10) 
P
2
 F F GHz 150.55277
d 
(1/2)(1–cos 3) V3 V3 cm
-1 
93.98242(93) 
PaP  RHORHO unitless 0.01168289(25) 
Pa
3
P k1 AK1 MHz 0.02940(23) 
(1–cos 3)P2 Fv FV MHz -1.78951(80) 
 N
e
 RMS deviation/kHz   
... A species 140 3.1   
... E species 118 2.6   
... total 258 2.9   
a
  All constants refer to a rho-axis system, therefore the inertia tensor is not diagonal and the 
constants cannot be directly compared to those of a principal axis system. Pa, Pb, and Pc are 
the components of the overall rotational angular momentum, Pis the angular momentum of 
the internal rotor rotating around the internal rotor axis by an angle . {u,v} is the anti 
commutator uv + vu. 
b
  The product of the parameter and operator from a given row yields the term actually used in 
the vibration-rotation-torsion Hamiltonian, except for F, , and A, which occur in the 
Hamiltonian in the form F(P-Pa)
2
 + APa
2
. 
c
  Values of the parameters from the present fit. Statistical uncertainties are shown as one 
standard uncertainty in unit of the last digit. 
d
  Fixed to the XIAM fit value. 
e
  Number of lines. 
     It should be noted that the internal rotation problem in BELGI-C1 is treated in the 
rho axis system (RAM system) and consequently all parameters obtained also refer to 
this coordinate system. To be able to compare the original parameters from the RAM 
BELGI code with those produced by the XIAM code, those parameters must be 
transformed into the principal axis system (PAM system) [15]. The details of the 
transformation which involves the diagonalization of the inertia tensor formed by the 
diagonal A, B, and C rotational constants and the off-diagonal element Dac are given 
in Ref. [20]. The resulting transformed PAM rotational parameters from the BELGI 
code are compared to the PAM values from the XIAM fit in the fourth column of 
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Table 4-3, together with the potential barrier height (V3), the moment of inertia of the 
top (I) and the angles between the a principal axis and the direction of the methyl top. 
The parameter ODELK which corresponds to the centrifugal distortion constant k is 
given as a commutator in a square bracket in Ref. [11] which is wrong. This 
parameter should be referred as an anti-commutator and written in a curly bracket. In 
this dissertation the notation for the parameter ODELK or k has been corrected 
which can be seen in Table 4-4. 
4.3.1.2 Discussion and Conclusion 
The barrier to internal rotation of the acetate methyl group in isoamyl acetate is 
93.9824(9) cm
-1
 using BELGI-C1 and 93.953(14) cm
-1
 using XIAM, very close thus. 
The moments of inertia of the methyl group derived from    
  
   
 using the method 
described in [20] get rather high values, i.e. 3.384861(72) uÅ
2
 and 3.38737(47) uÅ
2
, 
using BELGI-C1 and XIAM, respectively, when comparing with the theoretical value 
of the moment of inertia of a methyl group, around 3.18-3.2 uÅ
2
. It is important to 
note that there is a very flat minimum due the correlation between the F and V3 
parameters, which usually occurs when fitting only rotational transitions within the 
ground state vt = 0 data set with the BELGI code. However, fixing F to a value 
corresponding to 3.2 uÅ
2
 has given a slightly worse standard deviation for the fit (of 
3.5 kHz), and results in a value of V3 of 101.825(12) cm
-1
. With XIAM the same 
correlation occurs but it results in increasing the standard deviation of the fit from 17 
kHz to about 437 kHz. Indeed in XIAM, the  parameter (which also depends on the 
moment of inertia of the top and on the direction cosine between the methyl group 
and the principal axis) is not varied but derived from those values. On this account F 
is fixed to the value of 3.38 uÅ
2
, as it gives more reasonable values for the centrifugal 
distortion parameters. A similar F value of 3.28 uÅ
2
 was also found for the moment of 
inertia of the top for the isopropyl acetate molecule [21]. One hypothesis of this 
unusual high value of I is that for cases, like isoamyl acetate and isopropyl acetate 
molecules, small amplitude vibrations within the asymmetric group are found. This 
phenomenon can affect the direction of the principal axis system of the whole 
molecule and as a consequence also affect the moment of inertia of the acetate methyl 
group. The internal rotation parameter I (as well as the internal angles) and the 
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direction of the methyl group relative to the principal axes are thus probably 
contaminated in those molecules, containing such an isopropyl group non-rigidity 
effects. 
     It could be that the non-rigidity effects are important even for other internal rotors. 
The same effects were found in the methyl formate molecule HCOOCH3 [22] where a 
much bigger data set consisting of experimental lines belonging to both vt = 0 and 1 
were fitted [23]. Starting from F deduced from the fit of the methyl formate lines, 
which gives rI one deduces I=3.315 uÅ
2
, whereas the equilibrium value of the 
principal moment of inertia of the methyl group calculated from the equilibrium 
structure was I=3.198 uÅ
2
.This discrepancy indicates that the non-rigidity effects are 
important for I and that it is sometimes better to consider I just as a fitting parameter. 
     It is also possible to compare the values obtained for the internal rotation angle 
∠(i,a). The experimental value obtained from the RAM analysis is 60.18940(17)°, 
which is slightly different from the equilibrium value of 62.496°. This might be 
attributed partly due to the methyl top which is slightly asymmetric, but also due to 
non-rigidity effects. 
     In conclusion, the quantum chemical calculations predicted one stable conformer 
with Cs-symmetry and 12 stable enantiomeric pairs with C1-symmetry. One 
enantiomeric pair, the rotamers aM(M,a)/aP(a,P), was observed and assigned using 
the XIAM code. The fit was than improved using BELGI-C1 and the standard 
deviation could be decreased from 17.0 kHz to 2.9 kHz. The observed rotamers, 
aM(M,a)/aP(a,P), are predicted by quantum chemical calculation to be low in energy 
compared to other rotamers, although the MP2/6-311++G(d,p) calculation has not 
predicted it as the lowest in energy. Both codes agree in the determination of the 
hindering barrier of the methyl rotor of about 94 cm
-1
 within a very small range. But it 
is should be noted that rather high values for the moment of inertia of the methyl 
group with respect to the F0 values were used. The rather high values of the moment 
of inertia of the methyl group is probably caused by the non-rigidity effects of the 
isopropyl rest in the isoamyl acetate. It should be noted that the investigation of the 
isoamyl acetate is published in Ref. [11]. 
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4.3.2 n-Propyl Acetate 
     n-Propyl acetate, H3C-COO-(CH2)2-CH3, is a saturated aliphatic acetic acid ester 
with an n-propyl alcohol rest. The substance appears as a volatile colorless liquid with 
a boiling point of 101.5°C [24]. 
4.3.2.1 The Structure 
n-Propyl acetate is build from acetic acid and n-propyl alcohol through an 
esterification catalyzed by an acid. The molecule has 5 C atoms, 10 H atoms and 2 O 
atoms totally. The 3-dimensional illustration of this molecule is shown in Figure 4.10 
and where also the atom numbering is given. 
 
Figure 4.10 The structure of the rotamer aa of n-propyl acetate along with torsional angles and atom 
labels as given in Gaussian. 
4.3.2.2 Theoretical Results 
For the case of n-propyl acetate one can find totally 9 trans conformers differing in 
energy. Also in the study of n-propyl acetate only the trans conformation is taken into 
consideration.The conformer presented in Figure 4.10 is the rotamer aa which is 
named according to the antiperiplanar conformational arrangement of the torsional 
angles iii and iv. Excluding the rotamer aa (CS symmetry), the other rotamers 
(C1 symmetry) appears as enantiomeric pairs, the rotamers aM/aP, Pa/Ma, PM/MP, 
and PP/MM. Each enantiomeric pair shares the same elctronic energy and rotational 
constants. Only one rotamer shall therefore represent each enantiomeric pair. There 
are totally 5 geometry optimizations to be calculated at the MP2/6-311++G(d,p) level 
of theory. The ab initio results are summarized in Table 4-5. The atom positions in the 
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principal axis system of all calculated rotamers can be found in Table B.26-Table 
B.30 in the appendix. There, also the input geometry parameters (Table C.7) and the 
optimized parameters obtained from the Gaussian output files (Table C.8) are found. 
The theoretical rotational constants of all calculated conformers are compared in a 
diagram in the Figure 4.11. All calculated conformers are considered to be near 
prolate tops. The calculated geometries are illustrated in three dimensional in 
enantiomeric pairs in the Figure 4.12. 
Table 4-5 ab initio results of all trans conformers of n-propyl acetate calculated on the 
MP2/6-311++G(d,p) level of theory. 
  Rotamer 
Constant Unit aa aM Pa PM PP 
E
a 
[Hartree] -346.14096 -346.14150 -346.14108 -346.14052 -346.14132 
Eb [kJ/mol] 1.4167196 0 1.1063856 2.5598623 0.4710147 
E+ZPE
c
 [Hartree] -345.99272 -345.99321 -345.99252 -345.99198 -345.99274 
A [GHz] 7.734 5.644 6.696 4.544 4.780 
B [GHz] 1.169 1.392 1.317 1.674 1.592 
C [GHz] 1.042 1.210 1.220 1.562 1.457 
 (i,a)d [degree] 39.98 125.22 152.49 38.82 134.53 
 (i,b)d [degree] 129.98 35.91 109.49 93.43 44.83 
 (i,c)d [degree] 90.01 83.84 71.38 128.61 94.12 
a
e [Debye] -0.883 1.276 0.199 -0.482 0.665 
b
e [Debye] -2.072 1.723 -1.879 -1.393 1.632 
c
e [Debye] 0.000 0.647 0.450 -1.402 0.842 
a
 Electronic energy. 
b
 Electronic energy with respect to the rotamer aM. 
c
 Electronic energy including vibrational zero-point energy. 
d
 Angle between the methyl internal rotor axis (i) and the principal axes of inertia (a, b, c, 
respectively). 
e
 Dipole moment components with respect to the principal axes of inertia, signs refer to 
coordinates given in the appendix. 1 Debye = 3.33564∙10-30 Cm. 
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Figure 4.11 The rotational constants A, B, and C of all trans conformers of n-propyl acetate calculated 
at the MP2/6-311++G(d,p) level of theory. Lines connecting the calculated rotational 
constants are only guides for the eye. The horizontal lines represent the observed 
rotational constants. 
     The ab initio calculation found a sterical constrain in the rotamer PM. With iii 
equal 103°, this value is slightly out from the plus synclinal conformation. This could 
be the reason why this rotamer is the highest in energy compared to the other 
rotamers. The enantiomeric pair II, represented by the rotamer aM, is calculated to be 
the lowest in energy. 
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Figure 4.12 3-Dimensional illustration of all trans conformers of n-propyl acetate. The roman 
numbers indicate the  enantiomeric pairs. 
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4.3.2.3 Spectral Analysis and Spectroscopic Results 
The microwave spectrum of n-propyl acetate was measured using a MB-FTMW 
spectrometer in the frequency range of 3-26.5 GHz. From the ab initio calculations at 
the MP2/6-311++G(d,p) level it can be seen that a number of different conformers 
exist. It is assumed that the rotamers aM/aP are likely to be observed under molecular 
beam condition because these rotamers are predicted to be the lowest in energy. With 
the theoretical constants of rotamers aM/aP, A=5.644 GHz, B=1.392 GHz, and 
C=1.210 GHz, a crowded spectrum in the frequency range between 9 to 11 GHz were 
expected. There, the first broadband scan was taken. From the scan a typical structure 
of an a type R-branch appeared which can be viewed in the scan shown in the Figure 
4.13. Within this lines cluster another characteristic a type R branch was also 
observed which is assumed to be the E species lines of the rotational-vibrational 
ground state. 
 
Figure 4.13 The R-branch a type transitions of the A species for the rotational transition J=43 of 
n-propyl acetate along with the frequencies. 
     A few of the n-propyl acetate lines appear as triplets and some show hyperfine 
structures. The hyperfine structures might be caused by the spin-rotation coupling of 
the H atoms of the molecule. But in cases of triplets, it is believed that the splittings 
are caused by the rotation of the methyl group of the propyl group. Currently, more 
data are needed to estimate the hindering barrier of the propyl methyl group. By trial 
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and error the A species a type transitions were assigned using the XIAM code [14] 
and the first raw B and C rotational constants were obtained, while the A constant was 
still fixed to its ab initio value. Also the J and the JK centrifugal distortion constants 
could be determined and the observed frequencies could be predicted within 
experimental accuracy. It was also known from ab initio calculations that sufficiently 
large dipole moment components should exist for all principal axes. Some b-type and 
c-type Q branches could be predicted. They were then used to adjust the A constant, 
until a good agreement with the experimental data was achieved. 
     Until now the assignment refers to the A species lines. To predict the E species 
lines, the rotational constants from the A species are used as an initial guess. The 
hindering barrier of the methyl rotor was firstly set to the value of 100 cm
-1
. This 
value was taken according to the internal rotaional barrier of the methyl acetate found 
by Sheridan et al. [16] and on the basis of the study of isoamyl acetate in 
Chapter 4.3.1. The angles between the internal rotation axis and the inertial axes were 
derived from the geometry of rotamer aM obtained by ab initio methods using the 
atom positions in the principal axis system available in Table B.27 in the appendix. 
The predicted lines given by the XIAM code agreed nicely with those observed in the 
spectrum and both the A and the E species could finally be described sufficiently well 
by involving the distortion constants between the internal and overall rotation Dpi2J 
and Dpi2- in the fit.  
     In total 148 lines, where 98 lines belong to the A species and 50 lines to the E 
species, could be fitted with the program XIAM with a root-mean-square deviation of 
4.93 kHz. The result of the XIAM global fit can be found in Table 4-6. The rotational 
constants obtained experimentally and by ab initio calculations are compared in 
Figure 4.11. The best agreement is found for the rotamers aM/aP. From this, it is 
concluded that the rotamers aM/aP have been identified in the molecular beam. 
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Table 4-6 Comparison of molecular constants for the observed conformers of n-propyl acetate, 
rotamers aM/aP, obtained from XIAM, BELGI-C1, and quantum chemical calculation. 
Constant Unit XIAM BELGI-C1(PAM) Gaussian
a
 
A GHz 5.6670873(20) 5.660284(91)
b
 5.644 
B GHz 1.38181941(92) 1.3841564(96)
b
 1.392 
C GHz 1.20791173(70) 1.20880589(69)
b
 1.210 
J kHz 0.30668(61) 
  
JK kHz -1.1117(95) 
  
K kHz 11.47(43) 
  
J kHz 0.01935(28) 
  
K kHz 2.248(40) 
  
Dpi2J kHz 140.64(11) 
  
Dpi2- kHz 74.74(14) 
  
F0 GHz 151.7269(87) 157.049(47) 
 
I uÅ
2
 3.33085(20)
c
 3.21795(96)
c
 3.197 
V3 GHz 2917.03(17) 3098.09(53) 
 
 
cm
-1
 97.3015(56)
d 
 103.341(18)
d 
 
 
 
kJ/mol 1.163985(67)
d 
 1.23623(22)
d
 
 
 (i,a) degrees 52.8392(3) 52.83309(40) 54.78 
 (i,b) degrees 37.7604(3) 37.76055(34) 35.91 
 (i,c) degrees 95.7684(4) 95.74042(32) 96.16 
e kHz 4.93 1.8 
 
s 
 
8.37889
f
 8.44611
f
 
 
Note: All constants refer to the principal axis system, for the centrifugal distortion constants 
Watson’s A reduction and a Ir representations was used. 
a
 Calculation at the MP2/6-311++G(d,p) level using Gaussian 03, rotamers aM/aP. 
b
 Obtained by transformation from the rho axis system to the principal axis system. 
c
 Moment of inertia I of the internal rotor, calculated from its rotational constant F0. 
d
 Hindering potential, calculated from value in frequency units. 
e
 Standard deviation of the A/E species fit. 
f
 Reduced barrier 
F
V
s
9
4 3 . 
     The same 148 spectral lines (98 lines for the A species and 50 lines for the E 
species) fitted by the XIAM code were successfully fitted using another internal 
rotation program, the BELGI-C1 code [17,18]. The results for the BELGI-C1 code are 
shown in Table 4-7. A complete list of all fitted transitions is given in Table A.2 in 
the appendix. The overall standard deviation of the fit using BELGI is 1.8 kHz which 
is within experimental accuracy. The A species lines were fitted with a standard 
deviation of 1.7 kHz and the E species lines fit with a standard deviation of 2.1 kHz. 
Like isoamyl acetate, n-propyl acetate is a molecule with C1 symmetry. Therefore, the 
Dac parameter which one can obtain by multiplying the PaPc+PcPa operator is needed. 
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For the case of n-propyl acetate the Dac value -1.2472065(26) GHz is about 28 times 
bigger than the Dab value 0.04549180(73) GHz. 
Table 4-7 Molecular constants of n-propyl acetate, rotamers aM/aP, obtained by a global fit using 
the program BELGI-C1. 
Operator
a 
Parameter
b 
BELGI-C1 notation Unit Value
c 
Pa
2
 A OA GHz 5.25848(13) 
Pb
2
 B B GHz 1.7844216(20) 
Pc
2
 C C GHz 1.21034192(63) 
–P4  DJ kHz 0.6283(46) 
–P2Pa
2
  DJK kHz -7.662(96) 
–Pa
4
  DK kHz 20.53(30) 
–2P2(Pb
2–Pc
2
)  ODELN kHz 0.1787(23) 
–{Pa
2
,(Pb
2–Pc
2
)}  ODELK kHz -0.501(15) 
PaP  RHORHO uniteless 0.0228747(82) 
(1/2)(1–cos 3) V3 V3 cm
-1
 103.341(18) 
{Pa,Pb} Dab DAB GHz -1.2472065(26) 
{Pa,Pc} Dac DACI GHz 0.04549180(73) 
(1–cos 3)P2 Fv FV MHz -0.0040305(14) 
(1–cos 3)(Pb
2
-Pc
2
) c2 C2 MHz -0.0024220(16) 
(1–cos 3)Pa
2
 k5 AK5 MHz 0.02855(35) 
P
2
 F F0 GHz 163.025166
d
 
 
N
e
 RMS deviation/kHz 
  
A species 98 1.7 
  
E species 51 2.1 
  
total 149 1.8 
  a
  All constants refer to a rho-axis system, therefore the inertia tensor is not diagonal and the 
constants cannot be directly compared to those of a principal axis system. Pa, Pb, and Pc are 
the components of the overall rotational angular momentum, Pis the angular momentum of 
the internal rotor rotating around the internal rotor axis by an angle . {u,v} is the anti 
commutator uv + vu. 
b
  The product of the parameter and operator from a given row yields the term actually used in 
the vibration-rotation-torsion Hamiltonian, except for F, , and A, which occur in the 
Hamiltonian in the form F(P-Pa)
2
 + APa
2
. 
c
  Values of the parameters from the present fit. Statistical uncertainties are shown as one 
standard uncertainty in unit of the last digit. 
d
  The value is fixed in the global fit. 
e
  Number of lines. 
 
The transformed PAM rotational parameters from the BELGI code are compared to 
the PAM values from the XIAM fit in the fourth column of Table 4-6, together with 
the potential barrier height (V3), the moment of inertia of the top (I) and the angles 
between the a principal axis and the direction of the methyl rotor. 
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4.3.2.4 Discussion and Conclusion 
The barrier to the internal rotation of the acetate methyl group in isoamyl acetate is 
103.341(18) cm
-1
 using BELGI-C1 and 97.3015(56) cm
-1
 using XIAM. The moment 
of inertia of the methyl rotor derived from    
  
   
 using the method described in [20] 
from the XIAM fit has a rather high value, i.e. 3.33085(20) uA
2
 in compared to the 
the theoretical equilibrium value of the moment of inertia of a methyl rotor obtained 
by ab initio which is around 3.2 uA
2
. By fixing only the value of the moment of 
inertia of the methyl rotor to a equilibrium value of 3.2 uA
2
 the barrier of the methyl 
rotor has changed to 101.3169(90) cm
-1
. However, the standard deviation has 
increased to a value of 286.3 kHz and the quartic centrifugal distortion constants 
could not be determined. Besides this larger value for the moment of inertia of the 
methyl rotor produced by XIAM, the other molecular properties, such as rotational 
constants and the internal rotation angles ∠(i,x) (with x as the principal axes a, b, 
and c), find agreement with the values from the BELGI-C1 fit and those estimated by 
the quantum chemical calculations. The moment of inertia of the methyl rotor from 
the BELGI-C1 fit which is 3.21795(96) uA
2
 is slightly larger than the ab initio value 
but still closer than the XIAM value. Apperantly the non-rigidity effect caused by the 
small amplitude vibration of the alcohol rest which is found in isoamyl acetate seems 
to be weaker for the case of the n-propyl acetate molecule. 
     In conclusion, the enantiomeric pair aM/aP was observed and assigned using the 
XIAM code. The fit was then improved using BELGI-C1 and the standard deviation 
could be decreased from 4.9 kHz to 1.8 kHz. The observed rotamers aM/aP are 
predicted by quantum chemical calculation to be lowest in energy compared to the 
other rotamers. The hindering barrier of the methyl rotor in n-propyl acetate is 
determined by XIAM to be 97.30 cm
-1
 and by BELGI-C1 to be 103.34 cm
-1
. The 
hindering barrier determined by XIAM is slightly lower then the BELGI-C1 value and 
the moment inertia of the methyl rotor is bigger than 3.2 uÅ
2
. By fixing the moment 
inertia of the methyl rotor to the theoretical value the standard deviation becomes 
bigger and some critical molecular constants cannot be determined. In this case, 
BELGI-C1 is able to reduce the standard deviation to a few kHz and its moment of 
inertia of the methyl rotor, which is 3.22 uÅ
2
, is more reliable. 
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4.3.3 Ethyl Acetate 
     Ethyl acetate, H3C-COO-CH2-CH3, is a saturated aliphatic acetic acid ester with an 
ethyl rest. The substance appears as a volatile colorless liquid with a boiling point of 
77°C [25]. Ethyl acetate is build from acetic acid and ethanol through an esterifica-
tion catalyzed by an acid. The molecule has 4 C atoms, 8 H atoms and 2 O atoms 
totally. The 3-dimensional illustration of this molecule is shown in Figure 4.14 where 
also the atom numbering is given. 
 
 
Figure 4.14 The structure of rotamer a ethyl acetate along with torsional angles and atom labels as 
given in Gaussian. 
 
     In the trans conformation ethyl acetate can have totally three rotamers; those are 
rotamer a which is represented in Figure 4.14, rotamer P, and rotamer M in which the 
dihedral angles iii are arranged plus synclinal and minus synclinal respectively. The 
rotamer a has been studied with microwave spectroscopy by Jelisavac et al. [8] in 
2009 and the rotamers P/M have not been identified yet. Back to the observed ethyl 
acetate, the rotational constants are found for A to be 8452.754 MHz, for B 
2093.881 MHz, and for C 1733.425 MHz. The molecule is a near prolate top. The 
barrier to internal rotation of the acetate methyl group was found to be 99.57(11) cm
-1
 
whereas for methyl torsion in the ethyl group (rotation around the dihedral angle iv) a 
barrier of 1112.3(37) cm
-1
 was determined. The second methyl rotor causes the 
spliting of A species lines into doublets and into triplets for the case of E species 
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lines. The spliting of the A species lines are usually too narow and cannot be resolved. 
But larger splittings of the E species for some transitions are observed where the lines 
are about 80 kHz apart from each other. This physical effect will be discused at length 
in the methyl acetate section in Chapter 5.1, since the hindering barrier of the alcohol 
methyl rotor is lower than that of the ethyl aceate molecule and this caused larger 
splittings. 
    Besides the hindering barriers of the methyl rotors, there is another important 
consideration in studying ethyl acetate. It is to find the path of the carbon chain, e.g. 
how the molecule will behave or which geometry is prefered while the carbon chain is 
extended in its length. In the case of ester molecule, the carbon chain can be extended 
either in the direction of the alcohol rest or in the direction of the acetyl rest. Ethyl 
acetate has one additional methyl group in comparison to methyl acetate in which two 
stable conformers exist. Increasing the size of the molecules by adding more alkyl 
groups in the molecule means increasing the number of stable conformers. Begin with 
the simplest structures and then increasing the molecule to a more complex one 
gradually and systematically in order to understand the conformer selectivity might 
help us understanding the geometry of bigger saturated carbon hydrogen compounds 
and/or even more bigger and complex molecular systems. 
4.3.4 Conformational preference in esters with an increasing length of the 
carbon chain 
     People who are dealing with protein chemistry are mostly interested in the 
structure and the inter and/or the intramolecular activity of supramolecules like the 
polynucleotides DNAs or RNAs. Especially, the folding of the molecular structure 
from its spatially extended linear arrangement to a more dense and space-filling 
arrangement, which is one of the most elementary processes in proteins, has become a 
subject of interest. The intramolecular non-covalent interactions are mostly the reason 
of the protein folding. Grimme et al. divided the non-covalent interactions into three 
different types; those are the exchange repulsion (EXR) energy contribution that 
remains from the linear combination of the anti-bonding and the bonding orbitals of 
the active molecular units or fragments, the electrostatic (ES) interactions which 
depend strongly on the inter-molecular fragments orientation, and the weak but 
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ubiquitous attraction between electron clouds which can be seen in the van der Waals 
and hydrogen-bonded complexes [26]. 
     Moreover, some studies on n-alkanes, CnH2n+2, have been carried out 
[26,27,28,29]. The n-alkanes are the simplest series of organic molecules. The longer 
the carbon chain the greater the conformational multiplicity becomes. One said that 
the preferred conformation might be controlled by the nature and can affect directly 
chemical or biological activity of the molecules which is strongly associated with the 
sterical arrangements of the functional substituents [30]. Thus, studying the structure 
of pure n-alkanes may aid to understand the structures and properties of those more 
complex systems. In many publications until now, an agreement seems to be found 
that the spatially extended linear (all-trans) conformations are preferred by the non-
substituted alkanes especially at low temperatures. From this, a few questions arise: 
will the alkanes always take the all-trans arrangement when the carbon chain 
becomes longer or in other word where is the maximum chain length nC when the 
alkanes begin to fold? How many foldings due to gauche conformations are possible 
and how much is this conformation energetically favored? Which interactions play 
important roles in the conformational selectivity? 
     Recently, the nC for alkanes is predicted by quantum chemical calculations to be 
15 to 17 [28] and 14 to 22 [26]. By Raman spectroscopy, the 1
st
 experimentally nC 
around 17 to 18 was estimated, which nC =17 is considered more likely to be 
observed, because an even number of C-C bonds is energetically preferred over an 
odd number [29]. 
     The studies on alkanes are a good approximation in investigating the geometries of 
the ester molecules since the form of simple alkanes can also be found in both 
functional groups of esters. The scope of the study is restricted to acetic acid esters 
since these molecules also provide an interesting molecular dynamic effect i.e., the 
internal rotation of the acetyl methyl group with a rather low hindering barrier. Ethyl 
acetate is considered to be the simplest acetic acid ester which might exist as a 
mixture of rotational conformers. Starting with this molecule subsequently increasing 
the carbon chain length the conformational preference of esters were explored. The 
illustration in Figure 4.15 is given to support the outline of this study. The existence 
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of the trans ethyl acetate (rotamer a) is known and was discussed in Chapter 4.3.3. 
This conformation is preferred over the gauche conformer (rotamers P/M) and is 
energetically lower. Extending the chain by one carbon atom in the alcohol side group 
of the ethyl acetate leads to n-propyl acetate. The molecule begins to fold. The last 
carbon atom of the n-propyl group is minus synclinal to the single-bonded oxygen 
atom with a dihedral angle of  = -62.66°. The conformation refers to the rotamer aM 
or its enantiomeric partner aP. By the quantum chemical calculation it is estimated to 
be more stable than the rotamer aa. The next investigated ester was isoamyl acetate 
formed by adding two methyl groups at the end of the n-propyl rest of n-propyl 
acetate. The rotamer aM(M,a) and the enantiomeric pair aP(a,P) are observed and 
assigned  which can be found in Chapter 4.3.1. The same folding is also found where 
the third carbon atom counted from the single-bonded oxygen atom is arranged in a 
gauche conformation. Also in this case, the observed conformations are energetically 
the lowest among the other trans conformers. Apperently, the conformation of 
isoamyl acetate with CS symmetry, the rotamer aa(P,M), is not preferred and 
theoretically 6.5 kJ/mol higher than the observed one. The geometry of isoamyl 
acetate can be considered as a combination of two different conformers of n-butyl 
acetate. The last carbon atom can be attached either to path (i) or to path (ii) in Figure 
4.15 to form the n-butyl acetate. By following path (i) it comes to the rotamer aMa of 
n-butyl acetate and the path (ii) leads to the rotamer aMM of n-butyl acetate. In the 
next chapter the preferred conformation and the molecular effects for n-butyl aceate 
will be discussed and elucidated. 
     The folding of the R1C-CR2 bond (with R1 = acetoxy group, R2 = methyl or 
isopropyl group) in n-propyl acetate and isoamyl acetate is probably benefited by the 
weaker van der Waals forces found between the lone pair of the oxygen atom and the 
neighbouring atoms. To show this effect the geometries of both esters are compared in 
Figure 4.16. The center of mass of the single-bonded oxygen atom (marked in yellow) 
is about 290 pm apart from the yellow marked carbon atom. This distance seems 
relevant to the van der Waals radius (note: rvdW(O) = 152 pm and rvdW(C) = 170 pm) 
[31]. It is reported that longer alkanes represented by C30H62 tend to fold and take an 
arrangement of a hairpin structure [26]. 
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Figure 4.15 Outlineof the geometry studies of acetic acid esters. 
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The distance between two spatially close-lying “branches” of the molecule was 
estimated by the quantum chemical calculation at the BLYP-D/TZV(d,p) level of 
theory to be around 380 pm. This distance is almost 100 pm bigger than the distance 
between the single-bonded oxygen and the carbon atoms of the esters because the 
methyl fragments of the alkane’s “branches” of C30H62 need more space than the lone 
pair in ester molecules. 
However, it seems that in both alkanes and esters the folding is attracted by the van 
der Waals interaction. Another possible argument is that the structure could be 
stabilized by an electrostatic attractive interaction between the single-bonded oxygen 
and the nearest hydrogen atom of the methyl group marked in yellow where the 
distance is (O,H) = 262 pm for n-propyl acetate and (O,H) = 258 pm for isoamyl 
acetate. 
 
Figure 4.16 Comparison of structural properties of the observed n-propyl acetate and isoamyl acetate. 
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4.3.5 n-Butyl Acetate 
     n-Butyl acetate, H3C-COO-(CH2)3-CH3, is a saturated aliphatic acetic acid ester 
with an n-butyl rest. The substance appears as a volatile colorless liquid with a boiling 
point of 124-127°C [32]. It has a similar odor as isoamyl acetate which is discussed in 
Chapter 4.3.1. A high concentration of n-butyl acetate, along with n-hexyl acetate, is 
found to give the characteristic odor of red apple aroma, which is found in 
Cox’s Orange Pippin, Elstar, Golden Delicious, Jonagold, Royal Gala, and Jublié 
Delbar [33]. 
4.3.5.1 The Structure 
n-Butyl acetate is build from acetic acid and n-butyl alcohol through an esterification 
catalyzed by an acid. The molecule has 6 C atoms, 12 H atoms and 2 O atoms totally. 
The 3-dimensional illustration of this molecule is shown in Figure 4.17 and where 
also the atom numbering is given. 
 
Figure 4.17 The structure of the rotamer aaa of n-butyl acetate along with torsional angles and atom 
labels as given in Gaussian. 
4.3.5.2 Theoretical Results 
The geometries of all conformers of n-butyl acetate have been succesfully calculated 
on the MP2/6-311++G(d,p) level of theory and reported by Attig et al. [34]. This 
method and basis set turned out to be the most suitable for the case of the  n-butyl 
acetate molecule after testing different methods and basis sets on rotamer aPa. The 
rotamer aPa is calculated to be the lowest in energy and the theoretical results are 
given in Table 4-8 and its 3-dimensional structure is represented in Figure 4.18.  
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Table 4-8 Ab initio results for the observed conformers of n-butyl acetate, rotamer aPa/aMa, 
calculated on the MP2/6-311++G(d,p) level of theory. 
Constant Unit Value 
E
a
 Hartree -385.33732 
E + ZPE
b
 Hartree -385.16026 
A GHz 4.8870819 
B GHz 0.8530132 
C GHz 0.7688420 
 (i,a)c degrees 62.256 
 (i,b)c degrees 28.756 
 (i,c)c degrees 83.030 
Iγ uÅ
2
 3.197083 
|μa|
d
 Debye 1.4345 
|μb|
d
 Debye 1.586 
|μc|
d
 Debye 0.6840 
a
 Electronic energy. 
b
 Electronic energy including vibrational zero-point energy. 
c
 Angle between the methyl internal rotor axis (i) and the principal axes of inertia (a, b, c, 
respectively). 
d
 Dipole moment components with respect to the principal axes of inertia, signs refer to 
coordinates given in the appendix. 1 Debye = 3.33564∙10-30 Cm. 
 
 
 
Figure 4.18 3-Dimensional illustration of the observed conformer of n-butyl acetate, the rotamer aPa. 
On the right hand side of the picture the enantiomeric pair aPa/aMa are represented from 
another view (parallel to the carboxyl plane). 
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This conformer does not have a symmetry plane which is confirmed by the existence 
of dipol moment components in the a, b, and c axis direction. 
4.3.5.3 Spectral Analysis and Spectroscopic Results 
The spectrum of n-butyl acetate was recorded and assigned in cooperation with T. 
Attig during his diploma thesis. To make a prediction of the spectrum the rotational 
constants obtained by the quantum chemical calculations were used. The rotamer aPa 
is the lowest in energy thus strong lines of this conformer are expected. In the range 
of 10-13.5 GHz two a-type R-branches and strong b-type lines were predicted. 
Therefore a broadband scan was first carried out in this frequency range. In this 
spectral range also transitions of other conformers were expected. 
     In total, over 300 lines were obtained in the measured frequency range. All strong 
lines and most of the weaker lines could be assigned to totally three conformers. Only 
about 80 very weak lines are left unassigned. In this dissertation only rotamer aPa (or 
rotamer aMa respectively, since they share the same energy and the same rotational 
constants) are going to be discussed, the other two observed rotamers, the rotamer aaa 
and the rotamers PPa/MMa are to be found in [34]. To analyze the spectral data of n-
butyl acetate two different internal rotation programs, the XIAM code and the BELGI 
code, were used. In total 130 lines of rotamer aPa, where 66 lines belong to the A 
species and 64 lines to the E species, could be fitted with the program XIAM with a 
root-mean-square deviation of 12.7 kHz and with the program BELGI-C1 3.9 kHz. All 
assigned transisitions of the rotamers aPa/aMa are listed in Table A.3 The 
frequency list of rotamer aPa of n-butyl acetate fited by BELGI-C1. 
J' Ka' Kc' J Ka Kc S
a)
 obs.
b) c)
2 2 0 2 1 1 A 12165.721 -0.003 
2 2 1 2 1 1 A 12164.448 -0.007 
2 2 0 2 1 2 A 12415.538 -0.001 
2 2 1 2 1 2 A 12414.262 -0.008 
3 2 1 3 1 2 A 12046.721 -0.004 
3 2 2 3 1 2 A 12040.375 -0.005 
3 2 1 3 1 3 A 12546.339 -0.001 
3 2 2 3 1 3 A 12539.997 0.001 
4 1 3 3 0 3 A 10988.529 -0.007 
4 1 4 3 0 3 A 10155.911 -0.002 
4 2 2 4 1 3 A 11894.489 -0.001 
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a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
 
J' Ka' Kc' J Ka Kc S
a)
 obs.
b) c)
4 2 3 4 1 3 A 11875.469 -0.002 
4 2 2 4 1 4 A 12727.114 -0.001 
4 2 3 4 1 4 A 12708.094 -0.001 
5 1 4 4 0 4 A 12821.853 -0.008 
5 1 5 4 0 4 A 11573.142 -0.003 
5 2 3 5 1 4 A 11714.530 0.001 
5 2 4 5 1 4 A 11670.213 0.000 
5 2 3 5 1 5 A 12963.245 0.001 
5 2 4 5 1 5 A 12918.926 -0.003 
6 1 5 5 0 5 A 14704.603 -0.008 
6 1 6 5 0 5 A 12956.962 -0.003 
6 2 4 6 1 5 A 11513.674 0.001 
6 2 5 6 1 5 A 11425.265 0.004 
6 2 4 6 1 6 A 13261.317 -0.001 
6 2 5 6 1 6 A 13172.907 0.000 
7 0 7 6 0 6 A 11256.891 0.006 
7 1 6 6 1 5 A 11601.047 0.005 
7 1 7 6 1 6 A 11019.706 0.008 
7 2 5 6 2 4 A 11387.367 0.005 
7 2 6 6 2 5 A 11317.255 0.007 
7 3 4 6 3 3 A 11338.566 0.005 
7 3 5 6 3 4 A 11337.048 0.009 
7 4 3 6 4 2 A 11333.741 0.002 
7 5 2 6 5 1 A 11332.151 0.008 
7 2 5 7 1 6 A 11299.995 0.002 
7 2 6 7 1 6 A 11141.472 0.003 
7 2 6 7 1 7 A 13470.455 -0.002 
8 0 8 7 0 7 A 12840.886 0.005 
8 0 8 7 1 7 A 9785.921 0.014 
8 1 7 7 1 6 A 13251.262 0.005 
8 1 8 7 1 7 A 12588.184 0.005 
8 2 6 7 2 5 A 13033.905 0.006 
8 2 7 7 2 6 A 12929.724 0.006 
8 3 5 7 3 4 A 12962.136 0.005 
8 3 6 7 3 5 A 12959.103 0.007 
8 2 6 8 1 7 A 11082.635 0.000 
8 2 7 8 1 7 A 10819.932 0.003 
8 2 6 8 1 8 A 14074.705 0.002 
9 0 9 8 1 8 A 11613.966 0.013 
9 2 7 9 1 8 A 10871.581 0.003 
9 2 8 9 1 8 A 10462.025 0.005 
10 0 10 9 1 9 A 13442.091 0.010 
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a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
 
J' Ka' Kc' J Ka Kc S
a)
 obs.
b) c)
10 2 8 10 1 9 A 10677.327 0.002 
10 2 9 10 1 9 A 10069.460 0.003 
11 0 11 10 1 9 A 10704.852 0.004 
11 2 9 11 1 10 A 10510.534 0.000 
12 0 12 11 1 10 A 11613.966 -0.027 
12 1 11 11 2 10 A 10171.254 -0.006 
12 2 10 12 1 11 A 10381.651 -0.001 
13 1 12 12 2 11 A 12255.192 -0.015 
13 2 11 13 1 12 A 10300.592 0.000 
14 1 13 13 2 12 A 14359.745 -0.012 
14 2 12 14 1 13 A 10276.508 0.001 
15 2 13 15 1 14 A 10317.686 0.003 
16 2 14 16 1 15 A 10431.541 0.006 
2 2 1 2 1 2 E 11668.593 -0.017 
3 -1 2 2 0 2 E 9612.343 0.008 
3 -2 1 3 -1 2 E 12767.800 0.018 
3 2 2 3 -1 2 E 10427.241 0.000 
3 2 2 3 1 3 E 11709.224 -0.010 
4 -1 3 3 0 3 E 11348.532 0.005 
4 1 4 3 0 3 E 9888.386 -0.006 
4 -2 2 4 -1 3 E 12681.047 -0.011 
4 2 3 4 -1 3 E 10342.167 0.001 
4 2 3 4 1 4 E 11802.314 0.011 
5 -1 4 4 0 4 E 13150.094 0.001 
5 1 5 4 0 4 E 11396.704 -0.004 
5 -2 3 5 -1 4 E 12545.036 -0.009 
5 2 4 5 -1 4 E 10208.565 0.003 
5 2 4 5 1 5 E 11961.952 0.005 
6 1 6 5 0 5 E 12855.531 -0.002 
6 -2 4 6 -1 5 E 12364.633 0.000 
6 2 5 6 -1 5 E 10031.012 0.004 
6 2 5 6 1 6 E 12192.776 0.005 
7 -6 1 6 -6 0 E 11321.838 -0.003 
7 -5 2 6 -5 1 E 11322.797 0.001 
7 -3 4 6 -3 3 E 11329.366 0.002 
7 4 4 6 4 3 E 11326.904 -0.001 
7 -2 5 6 -2 4 E 11346.879 0.002 
7 3 5 6 3 4 E 11331.799 -0.001 
7 2 6 6 2 5 E 11348.881 -0.008 
7 -1 6 6 -1 5 E 11560.798 0.002 
7 1 7 6 1 6 E 11047.228 0.003 
7 0 7 6 0 6 E 11224.822 0.003 
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a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
 
J' Ka' Kc' J Ka Kc S
a)
 obs.
b) c)
7 -2 5 7 -1 6 E 12150.713 0.000 
7 2 6 7 1 7 E 12494.437 0.002 
8 -5 3 7 -5 2 E 12941.282 -0.002 
8 -4 4 7 -4 3 E 12944.117 -0.001 
8 5 4 7 5 3 E 12944.035 0.002 
8 -3 5 7 -3 4 E 12950.781 0.003 
8 4 5 7 4 4 E 12946.701 -0.001 
8 -2 6 7 -2 5 E 12978.011 0.001 
8 3 6 7 3 5 E 12953.910 0.000 
8 2 7 7 2 6 E 12975.976 -0.001 
8 -1 7 7 -1 6 E 13212.679 0.002 
8 1 8 7 1 7 E 12605.044 0.003 
8 0 8 7 0 7 E 12811.324 0.001 
8 0 8 7 1 7 E 9765.073 0.003 
8 -2 6 8 -1 7 E 11916.048 0.002 
8 2 7 8 1 8 E 12865.372 -0.001 
9 0 9 8 1 8 E 11550.154 0.001 
9 -2 7 9 -1 8 E 11674.070 0.000 
9 2 8 9 1 9 E 13303.482 -0.002 
10 0 10 9 -1 8 E 9370.684 0.004 
10 0 10 9 1 9 E 13346.161 -0.003 
10 -2 8 10 -1 9 E 11439.146 0.000 
10 2 9 10 1 10 E 13805.309 -0.001 
11 0 11 10 -1 9 E 10397.869 0.001 
11 -2 9 11 -1 10 E 11226.892 -0.002 
12 -1 11 11 2 10 E 10977.846 0.002 
12 0 12 11 -1 10 E 11345.537 -0.002 
12 -2 10 12 -1 11 E 11053.748 -0.002 
13 -1 12 12 -2 10 E 10323.071 -0.001 
13 -1 12 12 2 11 E 12902.216 -0.003 
13 -2 11 13 -1 12 E 10935.415 0.000 
14 -1 13 13 -2 11 E 12059.601 -0.003 
14 -1 13 14 0 14 E 10005.412 0.000 
15 -1 14 15 0 15 E 10926.877 0.001 
16 -1 15 16 0 16 E 11930.313 -0.001 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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 in the appendix.The results of both global fits along with the ab initio results are 
compared in Table 4-9. The molecular constants in the rho-axis system as obtained 
from BELGI-C1 are summarized in Table 4-10. 
     As in the case of isoamyl acetate non-rigidity effects are also found in the case of 
n-butyl acetate. This can be identified from both XIAM’s and BELGI-C1’s I values 
(3.38242(28) uÅ
2
 and 3.38657(36) uÅ
2
) which are considerably bigger than the 
equilibrium values obtained from the quantum chemical calculation. The hindering 
barriers of the methyl rotor are 94.8219(80) cm
-1
 and 99.66(36) cm
-1
 obtained from 
the XIAM and BELGI-C1 fit, respectively. The hindering barrier of the methyl rotor is 
also for the case of n-butyl acetate close to 100 cm
-1
 which in agreement with the 
other acetic acid esters. 
Table 4-9 Comparison of molecular constants for the observed conformers of n-butyl acetate, 
rotamer aPa/aMa, obtained with the programs XIAM and BELGI-C1. 
Constant Unit XIAM BELGI-C1 Gaussian
h
 
A GHz 4.8949998(45) 4.8382(35)
g
 4.887 
B GHz 0.8492464(11) 0.8219(20)
g
 0.853 
C GHz 0.7672614(11) 0.7415(22)
g
 0.769 
ΔJ kHz 0.1251(13) 0.5670(67)  
ΔJK kHz -1.985(12) -  
ΔK kHz 21.63(94) -  
δJ kHz 0.01409(52) -  
δK kHz 0.672(54) -  
Dpi2J kHz 80.38(21) -  
Dpi2- kHz 42.410(86) -  
F0 GHz 149.413(12) 149.229(16)  
Iγ
a 
uÅ
2
 3.38242(28) 3.38657(36)  
V3
b 
GHz 2842.69(24) 2988(11)  
 cm
-1
 94.8219(80) 99.66(36)  
 kJ/mol 1.134323(96) 1.1922(43)  
 (i,a) degrees 60.4030(05) 61.136(47) 62.256 
 (i,b) degrees 30.4041(08) 29.733(37) 28.756 
 (i,c) degrees 83.6586(15) 83.466(18) 83.030 
s
c
  8.352 8.778  
68 
4 THE ACETATES 
P
d 
 15 18  
N(A/E)
e 
 66/64 66/64  
σf kHz 12.7 3.9  
Note: All constants refer to the principal axis system, for the centrifugal distortion constants 
Watson's A reduction and a I
r
 representation was used. 
a
 Moment of inertia Iγ of the internal rotor. 
b
 Hindering potential. 
c
 Reduced barrier 
F
V
s
9
4 3 . 
d
 Number of the fitted parameters. 
e
 Number of fitted A and E species lines, respectively. 
f
 Standard deviation of the A/E species fit. 
g
 Obtained by transformation from the rho axis system to the principal axis system. 
h
 Calculation at the MP2/6-311++G(d,p) level using Gaussian, rotamers aPa/aMa. 
     An agreement was found by comparing the rotational constants and the internal 
rotational angles  (i,a),  (i,b), and  (i,c) of both fits with those from the ab initio 
calculation of the rotamers aPa/aMa. 
Table 4-10 Molecular constants for the observed conformers of n-butyl acetate, rotamer aPa/aMa, 
obtained by a global fit using the program BELGI-C1. 
Operator
a 
Constant
b 
Unit
 
Value
c
 
Pa
2
 A GHz 4.4907(38) 
Pb
2
 B GHz 1.1685(22) 
Pc
2
 C GHz 0.7424(22) 
{Pa,Pb} Dab GHz -1.1289798(92) 
{Pa,Pc} Daci GHz -0.0265252(27) 
-P4 DJ kHz 0.5670(67) 
-P
2
Pa
2
 DJK kHz -12.34(16) 
- Pa
4
 DK kHz 33.05(54) 
-2P
2
(Pb
2
-Pc
2
) J kHz 0.2389(29) 
-{Pa
2
,(Pb
2
-Pc
2
)} K kHz -0.959(18) 
(1/2)(1-cos3) V3 GHz 2988(11) 
(1-cos3)P2 Fv MHz 47.8(42) 
(1-cos3)Pa
2
 k5 MHz 45.7(23) 
(1-cos3)(Pb
2
-Pc
2
) c2 MHz -1.473(14) 
(1-cos3){Pa,Pb} dab MHz - 
P
2
 F GHz 151.275 
P
2
P
2
 Gv MHz 3.42(28) 
P
2
Pa
2
 k2 MHz 7.23(44) 
Pa P   0.01881(15) 
Pa PP
2
 Lv MHz -0.138(12) 
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a
  All constants refer to a rho-axis system, therefore the inertia tensor is not diagonal and the 
constants cannot be directly compared to those of a principal axis system. Pa, Pb, and Pc are 
the components of the overall rotational angular momentum, Pis the angular momentum of 
the internal rotor rotating around the internal rotor axis by an angle . {u,v} is the anti 
commutator uv + vu. 
b
  The product of the parameter and operator from a given row yields the term actually used in 
the vibration-rotation-torsion Hamiltonian, except for F, , and A, which occur in the 
Hamiltonian in the form F(P-Pa)
2
 + APa
2
. 
c
  Values of the parameters from the present fit. Statistical uncertainties are shown as one 
standard uncertainty in units of the last digit. 
 
4.3.5.4 Discussion and Conclusion 
It is reported by Attig et al. that there are three different conformers of n-butyl acetate 
observed under molecular beam condition [34]. In this work only the rotamers 
aPa/aMa are taken into consideration. The torsional barrier height for the 
rotamers aPa/aMa is 94.8219(80) cm
-1
 and 99.66(36) cm
-1
 for XIAM and BELGI-C1, 
respectively, differing by a few percent. Iγ shows values of 3.38242(28) uÅ
2
 for 
XIAM and 3.38657(36) uÅ
2
 for BELGI-C1, both values agree within 0.12%. These 
values of Iγ are too high if compared with the equilibrium value obtained from 
quantum chemical calculations. This rather high value is also found in other esters 
with a waggly isopropyl rest, found in isoamyl acetate and isopropyl acetate. Also 
n-butyl acetate is influenced by the non-rigidity effect since this molecule also 
possesses an asymmetric rest; it is referred to the n-butyl rest which could interact 
with the methyl group through vibrational coupling. 
4.4 Summary 
A nomenclature and a fundamental notation for the aliphatic hydrocarbon compounds 
have been defined and used to name the conformers of the acetic acid esters. The 
nomenclature is not only useful to name the conformers but it is also effective to 
indicate directly the geometry of the referred conformer since the conformational 
information is included in the notification. The nomenclature is not only useful for 
acetic acid esters but shall also be used for the esters discussed in the next chapters 
and for the aliphatic hydrocarbon compounds generally. 
     In summary, four ester molecules were discussed in this chapter. By analyzing the 
geometries of the observed conformers, it can therefore be concluded that the trans 
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conformation, which refers to the trans arrangement of the ligands R1 and R2 of the 
ester molecule (R1-COO-R2), is preferred. The cis conformers cannot be observed by 
the molecular beam rotational spectroscopy due to the considerably higher energies. 
The quantum chemical calculation was a good support on assigning the rotational 
spectra and the MP2/6-311++G(d,p) level of theory turned out to be the most suitable 
method to estimate the geometries of the esters. Moreover, two different programs 
were used to fit the rotational spectra i.e., XIAM and BELGI-C1. XIAM is more 
suitable on assigning and predicting the spectra whereas BELGI-C1 can perform a fit 
with a standard deviation close to the experimental accuracy. 
     Generally, the barrier to the internal rotation for the acetic methyl rotor is found to 
be of 100 cm
-1
. This value is strongly related to the moment inertia of the internal 
rotor I. The theoretical I for a methyl group is 3.2 uÅ
2
. In some cases like isoamyl 
aceate the I value is slightly increased in comparison to the theoretical value. But the 
standard deviation of the global fit is clearly smaller than one obtained when I is 
fixed to the theoretical value. It is assumed that the waggly bond between the rotating 
acetic methyl group and the rest of the ester has caused the increase of the I, which is 
referred to as non-rigidity effect. However, the hindering barrier of the acetic methyl 
rotor of 100 cm
-1
can be used as a starting point to study other acetic acid esters. 
     In addition to the conformational aspect, it is found in all observed acetic acid 
esters reported in this work that the preferred conformer tends to fold after the second 
carbon atom counted from the single bonded oxygen atom i.e., the acetoxy group of 
the acetic acid esters CH3-COO-CH2-CH2-R is always plus- or minus-synclinal to the 
remaining carbon chain of the alkyl side group R. The existence of another folding in 
the next carbon chains has not been observed yet. It is assumed that the chain folding 
in the alcohol side group of the acetic acid ester will be similar to those of the alkanes. 
In recent publications it has been reported that by a maximum chain length nC = 17-18 
the alkanes begin to fold. This information can be an indicator for future studies 
especially on esters with longer carbon chains since they mostly have interesting 
odors and a more complex conformational multiplicity. 
     After studying a number of esters, a modification to the nomenclature as defined in 
Chapter 4.2 might be necessary, especially for some cases in which a number of the 
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same conformational symbols appear consecutively in the notation, such as found in 
rotamer aa of n-propyl acetate or rotamer aaa of n-butyl acetate and so on. When the 
carbon chain becomes longer it will be unconvenient especially when it comes to 
spelling the conformer notation e.g., in the case of a n-heptyl acetate where a rotamer 
aaaaaa exists or in n-octyl acetate with its rotamer aaaaaaa. The repitition of the 
symbol can be simplified to a
7
 for example when seven antiperiplanar conformations 
appear in a series in the molecule. It is also possible to simplify the notation of a 
molecule with a conformational series such as found in rotamer PMPMPMPM to 
(PM)
4
 where plus- and minus-synclinal conformations appear four times 
consecutively. In the next chapter this modification should be applied to all 
conformers in which repititions of conformational symbols are found in the notation. 
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 5  
METHYL ACETATE AND 
THE ISOTOPOLOQUES 
5.1 Asymmetric Molecules with Two-Inequivalent Internal 
Rotors 
Methyl acetate is a molecule with two-inequivalent methyl groups since they show 
completely different internal rotation barriers. The equilibrium structure belongs to 
the CS symmetry where both internal rotation axes are arranged in the ab-symmetry-
plane of the molecule. In the Principal Axis Method (PAM), the Hamiltonian for a 
system with two-inequivalent internal rotations can be constructed as followed 
    ⁄ ( ̂  ̂  ̂  ̂  ̂ )  
   
(
  
 
 ̂ 
 ̂ 
 ̂ 
 ̂ 
 ̂ )
  
 
         (5.1) 
where  ̂ ,  ̂ , and  ̂  are the overall angular momentum,  ̂  and  ̂  are the internal 
angular momenta [1]. The tensor of the moment of inertia takes the following form 
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 (5.2) 
where   ,   , and     are the principal moments of inertia of the whole molecule,    is 
the moment of inertia of the first internal rotor and    is the moment of inertia of the 
second internal rotor, and    ,     are the direction cosines of the first internal rotation 
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axes with respect to the principal axes and    , and     the direction cosines of the 
second internal rotation axes with respect to the principal axes. The potential energy 
can be described as an expansion of a two-dimensional Fourier series such as 
          ⁄              
 
 ⁄                                       
                  
            
(5.3) 
     In the case of one internal rotation in a molecule A and E symmetry species can be 
observed. For a pure torsional problem, the A and E components are shifted to the 
positions at -21 and +1, respectively (with 1>0) as illustrated in Figure 5.1. If 
another internal rotor is turned on each A and E sublevel splits again into an A and E 
component which is shifted to positions at -22 and +2, respectively (with 1>2>0). 
It yields a four-level energy pattern. In the case of methyl acetate both methyl tops are 
inequivalent. Since the two tops are allowed to interact the fourfold degenerate 
sublevel EE, EE* of the third coloumn is split again into two doubly degenerate 
levels. It also fulfils the fact that fourfold irreducible representations do not exist in 
the G18 Permutation-Inversion (PI) group. The G18 PI group and how this is related to 
methyl acetate will be explained in the next chapter. 
5.2 The Permutation-Inversion (PI) group G18 
The internal symmetry group of the Hamiltonian is isomorphic to the molecular 
symmetry group of order 18, which will be denoted by G18. The numbering of the 
hydrogen atoms takes the atom numbering presented in Figure 5.2. The first top is the 
methoxyl rotor where the carbon atom is labeled as Ca with three hydrogens 1, 2, and 
3. The second top is the acetyl methyl rotor where the carbon atom is labeled as Cb 
with three hydrogens 4, 5, and 6. 
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Figure 5.1 Schematic torsional energy level and sublevels diagram for J = K = 0 to illustrate the two-
tops problem such as observed in methyl acetate. The energy level on the left hand side is 
splitted into A and E torsional components if one top is set up in the system. Each of 
these sublevels split again into A and E components by internal rotational tunneling of the 
second top. It yields totally fourfold degenerate level which one sublevel at the top is split 
into two doubly degenerate sublevels due to top-top interaction of G18-PI group (the 
energy diagram is a modification of [2]). 
 
E4
EE, EE*
E3
E
EA E1
AE E2
A
AA A1
No Torsion 1 C3-Top 2 C3-Tops Interaction
C3
1⊗C3
2 G 18
+1
+2
+2
-21
-22
-22
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Figure 5.2 The chemical structure of methyl acetate. Ca represents the carbon atom of the first rotor 
which is a methoxyl group of the ester and Cb represents the carbon atom of the second 
rotor which is a acetyl methyl group. Three hydrogen atoms are attached to each carbon 
atom and the numbering is given for the definition of the symmetry operations. 
The appropriate character table is given in Table 5-1. This character table of the PI 
group G18 was first given by Bunker for the example methylsilane which can also be 
used for the case of methyl acetate [3]. The PI operations of methyl acetate can be 
classified into 6 irreducible representations which are denoted as two non-degenerate 
symmetry species A1, A2, and four doubly degenerate symmetry species E1, E2, E3, 
and E4. The generators (123), (456), and (23)(56)* are used to describe the PI 
operations. It should be noted that the last generator is considered because the methyl 
acetate fulfills all conditions of a CS symmetry molecule i.e, firstly, a mirror plane 
must exist within the carbon chain which means the internal axis of both methyl rotors 
are arranged within the mirror plane, secondly, the reflections of the hydrogens H5 
and H2 must be the hydrogens H6 and H3, respectively. 
Table 5-1 Character table for the PI-group G18 appropriate for methyl acetate. 
G18   : E (456) (123) (123) (456) (123) (465) (23) (56)* C3
1 C3
2
 W
b
 
g
a
   : 1 2 2 2 2 9   
         A1   : 1 1 1 1 1 1 AA 16 
A2   : 1 1 1 1 1 -1 AA 16 
E1   : 2 2 -1 -1 -1 0 EA 16 
E2   : 2 -1 2 -1 -1 0 AE 16 
E3   : 2 -1 -1 2 -1 0 EE 8 
E4   : 2 -1 -1 -1 2 0 EE* 8 
a
 Number of equivalent operations. 
b
 Statistical weight. 
The application of the PI operations to the six nuclear spin functions of the hydrogen 
atoms in methyl acetate yield totally 64 possible nuclear spin functions. The 
characters of the irreducible representation of the nuclear spin function are 
summarized in Eq. (5.4). 
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E (123) (456) (123) (456) (123) (465) (23) (56)* 
(5.4) 
64 16 16 4 4 16 
The total representation generated by all 64 nuclear spin functions is obtained from 
the great orthogonality theory 
   
 
 
 ∑                 , (5.5) 
          : Order of the PI group  
       : Number of equivalent operations  
      : Character  
       : Sum of characters  
which is 
                        . (5.6) 
The spin weight is calculated from the direct product of 
                . (5.7) 
In the following Eq. (5.8) an example how to calculate the statistical weight of    is 
given. 
                         
                                                   (5.8) 
                                    
The direct product combinations of each irreducible representation can be found in 
Table E.1 in the appendix. Only the characters of the reducible representations A1 and 
A2 are taken into consideration to calculate the spin weight because only the A 
representations fulfill the Pauli exclusion principle. Therefore, the statistical weight of 
  , as shown in Eq. (5.8), is 8 and for      ,   ,   , and    the statistical weight is 
determined to be 16, 16, 16, 16, and 8, respectively. 
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5.3 Methyl Acetate 
Methyl acetate, H3C-COO-(CH3), is the smallest aliphatic acetic acid ester. The 
substance appears as a volatile colorless liquid with a low boiling point of 56-58°C 
[4]. It is a molecule of astrophysical interest with two-inequivalent methyl internal 
rotors which also belongs to the CS point group. 
5.3.1 The Structure 
     Methyl acetate is build from acetic acid and methanol through an esterification 
catalyzed by an acid. The molecule has 3 C atoms, 6 H atoms and 2 O atoms totally. 
The 3-dimensional illustration of this molecule is shown in Figure 5.3 where also the 
atom numbering is given. 
 
Figure 5.3 The structure of methyl acetate along with torsional angles and atom labels as given in 
Gaussian. 
5.3.2 Theoretical Results 
     The geometry of methyl acetate was estimated by ab initio techniques. The 
geometry optimization was carried out at the MP2/6-311++G(d,p) level of theory. The 
definition of the molecular structure can be found in the second column of Table C.9 
in the appendix. The rotational constants and the angles between the internal rotor and 
the principal axes a, b, and c obtained from the ab initio calculation would be used as 
starting values for assigning the spectra. The ab initio results are presented in Table 
5-2. 
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Table 5-2 ab initio result for methyl acetate optimized at the MP2/6-311++G(d,p) level of theory. 
Constant Unit Value 
E
a
 Hartree/particle -267.745392 
A GHz 10.1503592 
B GHz 4.1895287 
C GHz 3.0798921 
a Debye -0.276
b
 
b Debye -2.006
 b
 
c Debye 0.000
 b
 
 (i,a) [degrees] 29.53c 
 (i,b) [degrees] 119.53 c 
 (i,c) [degrees] 90.00 c 
a
 Electronic energy. 
b
 Dipole moment components with respect to the principal axes of inertia, signs refer to 
coordinates given in the appendix. 1 Debye = 3.33564∙10-30 Cm. 
c
 Angle between the acetyl methyl internal rotor axis (i) and the principal axes of inertia (a, b, 
c, respectively). 
 
The atom coordinates from the ab initio calculation are given in the appendix, in 
Table B.31. From the quantum chemical calculation the geometry illustrated in Figure 
5.4 was obtained. It is shown that all heavy carbon and oxygen atoms are arranged in 
the ab-symmetry-plane. It should be noted that the given angles  (i,x), where x = a, b, 
and c, refer to the angles between the principal axes of inertia to the acetyl methyl 
rotor axis. The angle  (i,c) is predicted to be 90° which means the methyl rotor is 
arranged within the ab-symmetry-plane. The planirity defect of methyl acetate 
derived from Ic-Ia-Ib is about -6.3 uÅ
2
 and this value is considered small. It shows that 
the molecule is almost planar. Moreover the absence of the dipol moment components 
in the c axis means that c type transitions are not expected. In detail the optimized 
molecular properties can be found in the last column of Table C.9 in the appendix. 
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Figure 5.4 3-Dimensional illustration of methyl acetate in the principal axes coordinates system (on 
the left hand side). The optimized geometry was obtained from the quantum chemical 
calculation at the MP2/6-311++G(d,p) level of theory. View from the positive b axis, with 
the methyl top at the bottom rotated by 120° in the direction of the arrow (on the right 
hand side). 
5.3.3 Spectral Analysis and Spectroscopic Results 
     The spectral analysis of methyl acetate and its isotopomers in microwave region 
were firstly made by G. Williams, N. L. Owen, and J. Sheridan in 1970 [5]. Only the 
splitting due to the rotational tunneling of the acetyl methyl rotor was considered. 
Totally 46 lines were recorded and almost half of the observed transitions showed 
deviations of the order of a few megahertz which is close to the A-E-splitting itself. In 
their work only the splitting due to internal rotation of the acetyl methyl top was 
considered. Ten years later J. Sheridan together with W. Bosert and A. Bauder 
enhance the investigation on methyl acetate using double-resonance techniques [1]. In 
total they found 96 lines in the region from 8 to 40 GHz. The assigned rotational 
transitions appear mostly as quintets due to internal rotation of both methyl groups. 
The potential barrier of the internal rotation of the acetyl methyl group was 
determined to be 99.56(8) cm
-1
 and that of the methoxyl group to be 425(31) cm
-1
. 
     Using a MB-FTMW spectrometer an improvement on investigating methyl acetate 
could be made. Moreover, this molecule is a suitable candidate for testing the new 
global fit program BELGI-CS-2Tops written by I. Kleiner. More than 300 lines in the 
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region from 4 to 40 GHz, with J values up to 8 and Ka values up to 3, were recorded. 
Using the Free Jet Apsorption Millimeter Wave (FJAMMW) Stark-modulated 
milimeter-wave spectrometer of the S. Melandri group in Bologna [6,7] more than 
500 lines in the region from 59 to 74 GHz, with J values up to 19 and Ka values up 
to 7, were added to the global fit. All transisitions assigned are listed in Table A.4 in 
the appendix. The present work on methyl acetate is published in [8]. 
    In the program BELGI-Cs-2Tops, basis functions of species A1 and A2 are put in 
the same block of the Hamiltonian. Since the A1 and A2 species can be grouped 
together, the tunneling components are categorized into A, E1, E2, E3, and E4. Figure 
5.5 shows a set of tunneling components of the R branch b typ transition 211-202.  
 
Figure 5.5 A set of rotational spectrum of different asymmetric rotor transition of methyl acetate for 
JKaKc = 211 – 202 measured with the MB-FTMW spectrometer. From left the spectrum of A 
tunneling component (note: the presence of rather broad partially resolved proton-spin 
hyperfine structure). The spectrum of E2 tunneling component, with partially resolved 
hyperfine structure resembling that in the E1 tunneling component in upper-right spectrum. 
The E3 and E4 tunneling components, with no apparent hyperfine broadening on the right. 
Some lines are sometimes broadened by partially resolved hyperfine structure that 
presumably arises from the proton spin-rotation and spin-spin coupling. The A species 
is the only tunneling component which appears in multiplets. The E1 and E2 species 
doppler splitting ~ 100 kHz 
spin splitting ~ 10 kHz 
8563.249 8563.449 8563.649 MHz

obs. 
= 8563.452 MHz 
A 
8560.899 8561.099 8561.299 MHz

obs. 
= 8561.100 MHz 
E2 
9854.669 9854.869 9855.069 MHz
E3 

obs. 
= 9854.881 MHz 
9895.429 9895.629 9895.829 MHz
E4 

obs. 
= 9895.630 MHz 
9877.859 9878.059 9878.259 MHz

obs. 
= 9878.098 MHz 
E1 
A E 
frequency in MHz 

A-E
 ~ 1316 MHz 
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appear in doublets and E3 and E4 species in singulets. Not every data set appears in 
such pattern. To be able to look deeper into the proton spin-rotation and spin-spin 
coupling effect in molecules one has to have a better resolved spectrum which is not 
possible with the current technique. 
     A measurement error of 4 kHz was assigned to the Fourier transform  microwave 
lines and 40 kHz to the milimeter-wave lines measured in Bologna. It should be noted 
that the ultimate measurement capability of the MB-FTMW spectrometer (which is 
closer to 2 kHz) cannot be achieved due to splittings that are presumably caused by 
the proton spins. The results of the global fit result can be found in Table 5-3. The 
molecular rotational constants A, B, C and the associated five centrifugal distortion 
constants were fitted with a huge data set which coveres a reasonably wide range of J 
and K values. The internal rotation constants F1 (for the acetyl methyl top) and F2 (for 
the methoxyl top) are initially fixed to the values calculated from the ab initio 
equilibrium geometry, but the corresponding three-fold potential constants V3,1 (for 
the acetyl methyl top) and V3,2 (for the methoxyl top) are fitted. At the end it is 
decided to fix F2 to its value obtained in the partial fits done with BELGI one top. F1 
was fixed to its value obtained in a two-top fit with various higher order parameters 
held constant. The internal rotation constant F12 (which is calculated by multiplying 
the top-top kinetic energy interaction operator p1p2PAPB) was calculated [9] from 
the ab initio geometry, while the two top-top interaction constants of the next higher 
order in the potential energy (V12S and V12C) were fitted. These low order pure 
torsional kinetic and potential energy constants could not all be determined 
simultaneously because the present data set only contains information of the torsional 
ground state and because one of the torsional barriers is rather high (s = 4V3/9F ≈ 34 
for methoxyl top). Therefore, for the fits various trial combinations of higher-order 
terms are needed. Table 5-3 gives the 27 molecular constants varied in the final fit of 
all 836 lines. The centrifugal distortion parameter k was not determined, and did not 
decrease the standard deviation. So its value was fixed to zero. 
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Table 5-3 Molecular parameters of methyl acetate obtained with the program BELGI-Cs-2Tops. 
Operator
a
 Parameter
b
 Program
c
 Unit Value
d
 
Jz
2
 A OA cm
-1
 0.3818404(90) 
Jx
2
 B B cm
-1
 0.1401459( 17) 
Jy
2
 C C cm
-1
 0.1025080(15) 
-J
4
 J DJ cm
-1
 0.000000023115(40) 
-J
2
Jz
2
 JK DJK cm
-1
 -0.0000000321(21) 
-Jz
4
 K DK cm
-1
 -0.000000602(68) 
-2J
2
(Jx
2
- Jy
2
) J ODELN cm
-1
 0.000000005973(17) 
p1
2
 f1 F1 cm
-1
 5.554669
e
 
p2
2
 f2 F2 cm
-1
 5.523464
e
 
p1 p2 f12 F12 cm
-1
 0.664
e
 
(1/2)(1-cos31) V3,1 V31 cm
-1
 101.740(30) 
(1-cos31) Jz
2
 V3,1K V31K cm
-1
 0.0021793(95) 
(1/2)(1-cos32) V3,2 V32 cm
-1
 422.148(55) 
(1-cos31)(1-cos32) V12c V12C cm
-1
 -3.526(26) 
sin31 sin32 V12s V12S cm
-1
 34.24(28) 
Jz p1 q1 Q1 cm
-1
 -0.68129(12) 
Jz p2 q2 Q2 cm
-1
 -0.70434(10) 
Jz
3
p2 q2K Q2K cm
-1
 -0.0000148(11) 
Jx p1 r1 R1 cm
-1
 -0.124446(42) 
J
2
Jx p1 r1J R1J cm
-1
 -0.0000002155(64) 
Jx p2 r2 R2 cm
-1
 -0.092967(28) 
(1/2)(Jz
2
Jx+ Jx Jz
2
) p2 r2K R2K cm
-1
 -0.00002098(35) 
Jz p1 p2(p1 + p2) q12p Q12P cm
-1
 -0.000212(11) 
Jx p1 p2(p1 + p2) r12p R12P cm
-1
 0.0001643(63) 
Jx
2
 p1
2
 B1 B1 cm
-1
 0.000029552(79) 
Jx
2
 p2
2
 B2 B2 cm
-1
 0.00001878(29) 
Jx
2
 p1 p2 B12 B12 cm
-1
 -0.00004979(61) 
Jy
2
 p1
2
 C1 CC1 cm
-1
 0.000007308(31) 
Jy
2
 p2
2
 C2 CC2 cm
-1
 0.00001760(26) 
Jy
2
 p1 p2 C12 CC12 cm
-1
 -0.00002424(40) 
a
 Operator which the parameter multiplies in the program. 
b
 Notation of Eq. (6) and Table 3 of Ref. [2], except for A, B, and C, where the prime was 
removed. 
c
 Notation used in the program input and output. 
d
  Values of the parameters from the final least-squares fit, with one standard uncertainty 
(type A, k = 1 [10]). 
e
 These parameters were held fixed in the fit. 
In the frequency list given in Table A.4 can be seen that almost all members (i.e., all J 
and all five symmetry species) of a given branch that fall in the microwave and 
millimeter-wave measurement ranges have been assigned and fitted. 
     It can be seen that the present program (and present computational power) gives a 
factor of 100 improvement in the E species residuals in comparison to the work of 30 
years ago [1]. The fitting constants in Table 5-3 were then converted into constants 
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that would occur in a more familiar PAM version of the Hamiltonian [11], and are 
presented in Table 5-4. It is easy to compare the experimental values in Table 5-4 
with values determined at the MP2/6-311++G(d,p) level of theory calculated using 
Gaussian. 
Table 5-4 Comparison of molecular constants for the observed conformer of methyl acetate 
obtained with the programs BELGI-CS-2Tops and ab initio atom positions. 
Parameter Unit BELGI-Cs-2Tops Gaussian
a
 
A MHz 10227.36(40)
b
 10150.4 
B MHz 4164.544(55)
b
 4189.5 
C MHz 3073.112(46)
b
 3079.9 
f1 cm
-1
 5.554669
c
 5.2752 
I1 uÅ
2
 3.21786(53)
d
 3.1956 
V3,1 cm
-1
 101.740(30) 
 
 
kJ/mol 1.2171(4) 
 
f2 cm
-1
 5.523464
b
 5.2407 
I2 uÅ
2
 3.18941(46)
d
 3.2167 
V3,2 cm
-1
 422.148(55) 
 
 
kJ/mol 5.0500(7) 
 
f12 cm
-1
 0.664
c
 0.6652
e
 
1a  
0.057353(11)
f
 0.05584 
1b  
0.0125581(38)
f
 0.01306 
1  
0.058713(11) 0.05735 
2a  
0.0600130(93)
f
 0.05817 
2b  
0.0096735(26)
f
 0.01160 
2  
0.0607877(92) 0.05932 
h rad -0.0316385(95)
g
 0.0369 
 (i1,a) degree 28.268(27)
h
 29.53 
 (i1,b) degree 61.732(11)
i
 60.47 
 (i1,c) degree 90.000 90.00 
 (i2,a) degree 21.596(31)
h
 25.79 
 (i2,b) degree 68.404(7)
i
 64.21 
 (i2,c) degree 90.000 90.00 
a
 Parameters derived from the geometry obtained in a calculation at the MP2/6-311++G(d,p) 
level using Gaussian. 
b
 All constants refer to the principal axis system (PAM). 
c
 Parameter held fixed in the fit, see Table 5-3. 
d
  The internal rotation inertia moments I1 and I2 are derived from I1 = 505379.076/F01, 
where        [   
       
   ]
 
 ⁄  and similar equations for I2. 
e
  See equations (10), (13), and (14) of Ref. [12]. 
f
  Values derived from equations (11) and (12) of Ref. [12]. 
g
 Angle about the y-axis, which relates the a, b, c PAM aces to the x, y, z aces. 
h
  Angle between the methyl top axis and the PAM a-axis. 
i
 Angle between the methyl top axis and the PAM b-axis: ∡(i,b) = 90°-∡(i,a). 
The rotational constants A, B, C agree to better than 1%. Values for the components 
of the vectors q1 and q2 along the a and b principal axes agree within 3% for the larger 
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component, but only within 5% and 10% for the smaller component. Angles between 
the top axes and the principal axes agree within a few degrees. All in all, this 
agreement between various experimental and theoretical structure based parameters 
can be considered to be completely satisfactory, indicating that ab initio values for 
these parameters make excellent starting values for least-squares fits in future 
applications of the present program. 
5.3.4 Discussion and Conclusion 
     It is interesting to compare the internal rotation barriers for the methyl group 
adjacent to the C=O bond in methyl acetate and N-methylacetamide [2] which is 
estimated to be 102 cm
-1
 and 73 cm
-1
, respectively, whereas the internal rotation 
barrier for the methyl group attached to the O atom is significantly higher than that for 
the methyl group attached to the NH group (422 cm
-1
 vs. 79 cm
-1
). The top-top 
interaction constant     , which multiplies the              term, is about 34 cm
-1
. 
This value seems much too large to be a result of purely steric effects, and so the 
transfer of relative-orientation information from one top to the other one is more 
likely through the bonds, rather than through space. The closely related constant     , 
which multiplies                     , is ten times smaller, with a value of 
only -3.5 cm
-1
. An intuitive understanding of the four main torsional potential terms 
can be obtained by expanding them as a power series about the         
equilibrium configuration, keeping only terms quadratic in the angles    and   . It 
yields an expression of the form 
    (      
        
 )           ⁄  (5.9) 
which shows, for the small amplitude region of the two torsional motions, that      
and      correspond essentially to different diagonal quadratic force constants for the 
torsional vibrations of the two inequivalent methyl tops, that      does not contribute 
to any quadratic terms (its contributions begin at the quartic anharmonic level), and 
that      corresponds to an off-diagonal quadratic force constant that couples the 
torsional modes of the two tops and tries to give the torsional normal modes some 
geared and antigeared character. In this sense, the term              distinguishes 
between in-phase (     > 0) and out-of-phase (     < 0) methyl-top oscillations 
when both tops are near their equilibrium configuration (small    and   ). It can be 
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seen from Eq. (5.9) and Table 5-3 that the effects associated with this top–top 
torsional mode coupling near the equilibrium configuration are actually rather small 
in methyl acetate, since the difference |         | is about 320 cm
-1
, while      is 
only about 34 cm
-1
. The kinetic energy term F12p1p2 also distinguishes between 
in-phase and out-of-phase methyl-top oscillations. Because of the absence of 
information on excited torsional states, F1, F2, and F12 were constrained to values 
determined from the ab initio structural calculations. These indicate that F12 is about 
12% of F1 or F2, showing that top-top torsional mode coupling arising from kinetic 
effects will also be relatively small in methyl acetate. 
     In conclusion the application to methyl acetate of the new two-top program for 
molecules with a plane of symmetry shows that the program is capable of fitting 
modern spectral measurements to their experimental precision. This program should 
be in the future helpful for making line predictions especially for astronomical 
purposes of any ‘‘weed molecules’’ with CS point-group symmetry containing two 
threefold rotors. It should be noted, however, that it will in general include some 
transitions which involve the excited torsional levels of each top in the fitted data set 
before predictions involving even short extrapolations in J or K in the ground 
torsional state will be reliable. It is believed that this requirement will be significantly 
more severe for two-top molecules than it is for one-top molecules, considering the 
difficulty to determine all necessary parameters by relying only on the torsional 
ground state information while the dynamic of the molecule is quite complex such as 
torsional and torsion.rotational effects represented in the two-top cases. 
5.4 Deuterated Methyl Acetate 
5.4.1 The Structure and Molecular Properties 
     Methyl acetate-d3 is an isotopomer of methyl acetate where three protons of the 
acetyl methyl group are replaced by deuterium nuclei. The other three carbon atoms, 
two oxygen atoms and three hydrogen atoms at the methoxyl group are arranged in 
the same order as in methyl acetate. The 3-dimensional structure of methyl acetate-d3 
is shown in Figure 5.6 where also the atom numbering is given. 
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Figure 5.6 The structure of methyl acetate-d3 along with torsional angles and atom labels as given in 
Gaussian. 
The deuterium nuclei are about two times heavier than the hydrogen atoms. The 
moment of inertia of the internal CD3-rotor has become nearly two times bigger 
consequently since the moment of inertia is proportional to the mass. Along with the 
doubling of the mass the energy of the torsional ground state Vt = 0 of the CD3-group 
is 0.7 times smaller than the zero point vibration of the CH3-group. As a result, the 
tunneling effect due to internal rotation of the acetyl CD3-rotor is smaller than the 
acetyl methyl rotor. In this dissertation, only the splitting due to the second internal 
rotor (it refers to the methoxyl rotor) will be studied. From the spectroscopic study of 
the methyl acetate it is known that the torsional barrier of the methoxyl group is about 
400 cm
-1
 and splittings of a few kilohertz are expected. 
5.4.2 The Synthesis of Methyl Acetate-d3 
     To synthesize the methyl acetate-d3 the Fischer esterification was used [ 13]. 
Therefore, acetic acid-d3 (8 mL, 0.14 mol, 1 eq) was mixed with methanol (22.4 mL, 
0.7 mol, 5 eq) in a 50-mL round-bottom flask. In the mixture concentrated deuterated 
sulfuric acid (1.6 mL, 28 mmol, 0.2 eq) was added dropwise as a catalyst. The 
solution is then stirred for 4h at 60°C under reflux. The product was a colorless liquid 
and was obtained through destillation. The reaction of the synthesis of methyl 
acetate-d3 can be found in Figure 5.7. 
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Figure 5.7 Synthesis of methyl acetic acid-d3 based on the Fischer esterification. 
Yield: 9.2 g (0.12 mol, 86%). 
1
H-NMR(300 MHz, CD3OD):  = 4.61(s, 1H, HD2OH), 3.64(s, 3H, H3CO), 3.34(s, 
1H, HD2OH). 
5.4.3 Theoretical Results 
     The geometry of methyl acetate-d3 was estimated by ab initio calculation at the 
MP2/6-311++G(d,p) level of theory. The definition of the molecular structure can be 
found in the second column of Table C.10 in the appendix. From the atom coordinates 
it can be seen that all heavy atoms are arranged in the ab-symmetry-plane. The ab 
initio results are shown in the Table 5-5. The atom coordinates from this ab initio 
calculation are given in Table B.32 in the appendix. The angles  (i,x), where x = a, b, 
and c, refer to the angles between the respective principal axes of inertia to the 
internal rotor axis. Two sets of angles  (i,x), one for the CD3-rotor and one for the 
CH3-rotor, are given in Table 5-5. The angles  (i,c) of both rotors are predicted to be 
about 90° which means the rotors are arranged within the ab-symmetry-plane. The 
dipol moment in the direction of the c axis, which is 0.02 Debye, is close to zero 
which could be within the calculation error during the optimization process. 
Therefore, the c-type transitions are not expected to be observed in the spectrum. In 
detail the optimized molecular properties can be found in the last column of Table 
C.10 in the appendix. 
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Table 5-5 Ab initio results for methyl acetate-d3 calculated on the MP2/6-311++G(d,p) level of 
theory. 
Constant Unit Value 
E
a
 [Hartree/particle] -267.745392 
E+ZPE
b
 [Hartree/particle] -267.664287 
Aab initio [GHz] 9.319 
Bab initio [GHz] 3.732 
Cab initio [GHz] 2.805 
 (i,a)CH3
c
 [degree] 22.86 
 (i,b) CH3
c
 [degree] 67.14 
 (i,c) CH3
c
 [degree] 90.35 
 (i,a) CD3
d [degree] 26.59 
 (i,b) CD3
d [degree] 63.42 
 (i,c) CD3
d [degree] 90.19 
a|
e [Debye] -0.1734 
b|
e [Debye] -2.0164 
c|
e [Debye] 0.0167 
a
 Electronic energy. 
b
 Electronic energy including vibrational zero-point energy. 
c
 Angle between the acetyl methyl internal rotor axis (i) and the principal axes of inertia (a, b, 
c, respectively). 
d
 Angle between the CD3 internal rotor axis (i) and the principal axes of inertia (a, b, c, 
respectively). 
e
 Dipole moment components with respect to the principal axes of inertia, signs refer to 
coordinates given in the appendix. 1 Debye = 3.33564∙10-30 Cm. 
 
5.4.4 Spectral Analysis and Spectrocopic Results 
     The first microwave spectrum of methyl acetate-d3 was measured by Williams et 
al. and published in 1970 [5]. Only 20 lines from 15 to 33 GHz were assigned and 
fitted with a standard deviation of a few megahertz. Using a MB-FTMW spectrometer 
operated in the frequency range from 3 to 26.5 GHz, the spectrum of methyl 
acetate-d3 was remeasured. Firstly, 15 lines (8 lines belong to the A species and 7 to 
the E species) of the previous work could be reproduced with the MB-FTMW 
technique with an excellent quality. The XIAM code fitted all 15 reproduced lines 
with an accuracy of less then 10 kHz. With a new data set of the molecular properties 
the other transitions are predicted. 
     In total 48 lines, where 29 lines belong to the A species and 19 lines to the E 
species, were recorded and fitted with the XIAM code with a root-mean-square 
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deviation of 10.26 kHz. The result of the global fit is given in Table 5-6. It should be 
noted, that the spectroscopic results reported in this work refer to the tunneling effect 
due to the methoxyl rotor. 
Table 5-6 Comparison of molecular constants for the observed conformers of methyl acetate-d3 
obtained with the programs XIAM and BELGI-CS. 
Constant Unit XIAM BELGI(PAM) Gaussian
a
 
A GHz 9.4685638(41) 9.45999(74)
b
 9.319 
B GHz 3.7204321(10) 3.72283(88)
b
 3.732 
C GHz 2.80319612(79) 2.80581(21)
b
 2.805 
J kHz 0.747(25)   
JK kHz 31.60(16)   
K kHz 280.80(79)   
J kHz 0.2312(57)   
K kHz 10.33(17)   
F0 GHz 157.93
c
 159.374(61) 
 
I uÅ
2
 3.20
c
 3.1710(13) 3.22 
V3 GHz 12680.5(21) 12654.79(96)  
 
cm
-1
 422.976(72)
d
 422.118(32)
d
 
 
 
kJ/mol 5.05991(86)
d
 5.04966(39)
d
 
 
 (i,a) degrees 18.2(9) 18.357(52) 22.86 
 (i,b) degrees 71.68(9) 71.643(52) 67.14 
 (i,c) degrees 90.00e 90.00e 90.35 
f kHz 10.256 3.3 
 
s 
 
33.674 35.290
g
 
 
Note: All constants refer to the principal-axis system, for the centrifugal distortion constants 
Watson’s A reduction and a Ir representations was used. 
a
 Calculation at the MP2/6-311++G(d,p) level of theory using Gaussian. 
b
 Obtained by transformation from the rho axis system to the principal axis system. 
c
 The moment of inertia I of the internal rotor (it refers to the methyl rotor of the methoxy 
group) and the affiliate rotational constant F0 are fixed. 
d
 Hindering potential, calculated from value in frequency units. 
e
 The angle between internal rotor axis and the principal axis c was held fixed in the fit due 
to geometry. 
f
 Standard deviation of the A/E species fit. 
g
 Reduced barrier 
F
V
s
9
4 3 . 
     The same 48 spectral lines (29 lines for the A species and 19 lines for the E 
species) fitted by the XIAM code were successfully fitted using another internal 
rotation program, the BELGI-CS code [14]. The results for the BELGI-CS code are 
shown in Table 5-7. A complete list of all fitted transitions is given in Table A.5 in 
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the appendix. The overall standard deviation of the fit using BELGI is 3.3 kHz which 
is close to the experimental accuracy. The A species lines were fitted with a standard 
deviation of 3.6 kHz and the E species lines fit with a standard deviation of 2.8 kHz. 
Table 5-7 Molecular parameters of methyl acetate-d3 obtained with the program BELGI-CS. 
Operator
a
 Parameter
b
 BELGI-CS notation Unit Value
c
 
Pa
2
 A OA GHz 9.36380(50) 
Pb
2
 B B GHz 3.81902(70) 
Pc
2
 C C GHz 2.80581(21) 
–P4 J DJ kHz 0.5093(91) 
–P2Pa
2
 JK DJK kHz 17.30(13) 
–Pa
4
 K DK kHz 305.46(37) 
–2P2(Pb
2–Pc
2
) J ODELN kHz 0.1148(24) 
–{Pa
2
,(Pb
2–Pc
2
)} K ODELK kHz 2.605(68) 
PaP  RHORHO uniteless 0.056815(19) 
(1/2)(1–cos 3) V3 V3 cm
-1
 422.118(32) 
{Pa,Pb} Dab DAB GHz -0.7366(22) 
(1–cos 3)P2 Fv FV MHz -0.0151(12) 
P
2
 F F0 GHz 167.3621
d
 
 N
e
 RMS deviation/kHz   
A species 29 3.6   
E species 19 2.8   
total 48 3.3   
a
 All constants refer to a rho-axis system, therefore the inertia tensor is not diagonal and the 
constants cannot be directly compared to those of a principal-axis system. Pa, Pb, and Pc are 
the components of the overall rotational angular momentum, Pis the angular momentum of 
the internal rotor rotating around the internal rotor axis by an angle . {u,v} is the anti 
commutator uv + vu. 
b
 The product of the parameter and operator from a given row yields the term actually used in 
the vibration-rotation-torsion Hamiltonian, except for F, , and A, which occur in the 
Hamiltonian in the form F(P-Pa)
2
 + APa
2
. 
c
 Values of the parameters from the present fit. Statistical uncertainties are shown as one 
standard uncertainty in unit of the last digit. 
d
 These parameters were held fixed in the fit. 
e
 Number of lines. 
The transformed PAM rotational parameters from the BELGI code are compared to 
the PAM values from the XIAM fit in the fourth column of Table 5-6, together with 
the potential barrier height (V3) of the methoxyl rotor, the moment of inertia of the top 
(I) and the angles between the a principal axis and the direction of the methoxyl 
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rotor. As shown in the table the spectroscopic data fairly agree with the theoretical 
data. A difference of about 5 degrees is found for the angles  (i,a) and  (i,b). 
5.4.5 Discussion and Conclusion 
     The internal rotational barrier of the methoxyl rotor of methyl acetate-d3 is 
determined to be 422.976(72) cm
-1
 and 422.118(32) cm-1 by XIAM and BELGI-CS, 
respectively. Both values agree within 0.2%. It can also be concluded that this internal 
rotational barrier is the same barrier found for the methoxyl group of the methyl 
acetate, which is 422.148(55) cm
-1
. As expected, changing the nuclei of the hydrogen 
atoms of the acetic methyl group has no effect on the internal rotation of the methoxyl 
group. The barrier height of the acetyl CD3-rotor suppose to be the same height as it is 
found in the acetyl methyl rotor of the methyl acetate. Only the moment of inertia of 
the CD3-rotor becomes two times bigger than the moment of inertia of a methyl rotor 
because of the doubling of the mass. The energy of the torsional ground state Vt = 0 
of the CD3-rotor is expected to be 0.7 times smaller than the zero point vibration of a 
methyl rotor. By fixing the moment of inertia to 6.4 uÅ
2
 and the value of F0 to 
78.98 GHz in XIAM, most AE-splittings due to internal rotation of the CD3-rotor are 
predicted to be about 10 to 50 MHz. Some splittings of a few hundreds of MHz were 
also predicted. The investigation of the internal rotation due to the acetyl CD3-rotor 
has not yet been done and no spectroscopic data related to the tunneling effect of the 
acetyl CD3-rotor can be reported, currently. 
5.5 Summary 
For methyl acetate, the G18 permutation-inversion group theoretical considerations 
were applied. The program BELGI-CS-2Tops for fitting the high-resolution torsion-
rotation spectra of molecules with two inequivalent methyl rotors and a plane of 
symmetry at equilibrium is described and applied to methyl acetate. This program has 
succesfully fitted more than 800 new microwave and millimeter-wave lines of the 
ground-state transitions of methyl acetate which lead to root-mean-square deviations 
of 4 kHz for the microwave lines and of 40 kHz for the millimeter-wave lines. It can 
be shown that the present program (and present computational power) gives a factor 
of 100 improvement in the E species residuals in comparison to the previous work of 
30 years ago. The heights of the internal rotation barriers were determined to be of 
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102 cm
-1
 for the acetyl methyl top and 422 cm
-1
 for the methoxl top. Some of the 
difficulties in determining molecular parameters for a two-top molecule from a data 
set containing only torsional ground state information were discussed. 
     In addition, the isotopomer methyl acetate-d3 with an acetyl CD3-rotor was 
investigated. The isotopomer was synthesized from acetic acid-d3 and methanol with 
concentrated deuterated sulfuric acid as a catalyst. The synthesis yielded methyl 
acetate-d3 of a satisfying purity. The height of the internal rotation barrier was found 
to be about 422 cm
-1
 as it is also found in methyl acetate. By changing the nuclei of 
the hydrogen atoms of the acetyl methyl rotor, the AE-splittings become smaller. The 
AE-splittings caused by the tunneling effect of the acetyl CD3-rotor were not 
investigated. Most AE-splittings of the CD3-rotor were predicted by XIAM to be 
about 10 to 50 MHz. Some splittings of a few hundreds of MHz were also predicted. 
In conclusion, it can be shown that the nuclei changing does not affect the internal 
rotational barrier of the methoxyl group. It is however very interesting to know 
whether there are any changing on the height of the internal rotational barrier when 
the acetyl methyl group is substitued by longer alkanes. 
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 6  
ASYMMETRIC ESTERS WITH 
LARGE AMPLITUDE MOTION 
Until know only the acetic acid esters with large amplitude motions due to internal 
rotations were discussed. The esters which will be presented in this chapter are the 
ethyl isovalerate and the ethyl butyrate. Both esters have an ethyl group which is 
attached to the single bonded oxygen atom. In comparison to the acetic acid esters, 
these esters do not possess low hindering barriers of any methyl rotor. Therefore, it is 
assumed that no dynamic effects are going to be observed in the spectrum. A normal 
rotational spectrum of an asymmetric molecule with a Hamiltonian as given in 
Eq. (2.3) is expected for the case of ethyl isovalerate and ethyl butyrate. Both esters 
are known for their characteristic odors and their natural occurance in some fruits 
which make these esters essential and coveted in flavor and perfumery applications. 
6.1 Ethyl Isovalerate 
      Ethyl isovalerate, (H3C)2-CH-CH2-COO-C2H5, is an ester which appears as a 
volatile colorless liquid with a boiling point of 133°C to 135°C [1] which can be 
found in different kinds of fruit. The substance gives has a blueberry or pineapple-like 
odor. 
6.1.1 The Structure 
     Ethyl isovalerate is an aliphatic ester built from isovaleric acid with ethanol 
through an esterification catalyzed by an acid. The molecule has 7 C atoms, 14 H 
atoms and 2 O atoms totally. The 3-dimensional illustration of this molecule with the 
atom numbering is shown in Figure 6.1. 
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Figure 6.1 The structure of the rotamer aa(P,M) of ethyl isovalerate along with torsional angles and 
atom labels as published in [2]. 
 
6.1.2 Theoretical Results 
     The study on ethyl isovalerate begun with the calculations of 27 trans conformers 
of the molecules at the MP2/6-311++G(d,p) level of theory. This methode turned out 
to be  reliable on calculating the geometries of ester molecules, in particular the acetic 
acid esters mentioned in the previous chapters. Thereby, 21 conformers turned out to 
be stable. The 3-dimensional of all optimized geometries are presented in Figure 6.2. 
The theoretical results of these conformers are presented in the Table 6-1. The 
rotamer aa(P,M) belongs to the Cs point group. The other rotamers, form 
enantiomaric pairs. In Table 6-1 each enantiomeric pair is represented by one rotamer 
to avoid repitition of data due to identical molecular properties. The atom positions in 
the principal axis system of all calculated rotamers can be found in Table B.33-Table 
B.43 in the appendix. There, also the input geometry parameters (Table C.11-Table 
C.12) and the optimized parameters obtained from the Gaussian output files (Table 
C.13-Table C.14) are found. 
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Table 6-1 Ab initio result of different conformers of ethyl isovalerate calculated on the MP2/6-
311++G(d,p) level of theory. 
 
Rotamer Eh
a
  E
b
  
A 
[GHz] 
B 
[GHz] 
C 
[GHz] 
a 
[Debye]c 
b 
[Debye]c 
c 
[Debye]c 
I : aa(P,M) -424.5212504 3.88 4.014 0.716 0.709 0.92 -1.58 0.00 
II : aa(a,P) -424.5227265 0.00 3.319 0.767 0.715 0.16 -1.58 -0.91 
III : aP(a,P) -424.5228293 -0.27 3.957 0.754 0.729 0.06 0.85 -1.39 
IV : aM(a,P) -424.522998 -0.71 3.175 0.856 0.789 0.09 0.75 -1.49 
V : aM(P,M) -424.5214242 3.42 3.470 0.809 0.782 -0.67 -0.76 -1.32 
VI : PM(P,M) -424.5222723 1.19 3.272 0.895 0.816 0.04 1.65 0.69 
VII : PM(M,a) -424.5229375 -0.55 2.827 0.892 0.844 0.44 1.05 -1.70 
VIII : Ma(P,M) -424.5222475 1.26 2.877 0.909 0.802 0.42 1.76 0.78 
IX : PP(M,a) -424.5226776 0.13 3.485 0.785 0.769 -0.39 -1.91 0.49 
X : MM(P,M) -424.5224269 0.79 2.562 1.015 0.945 -0.08 1.29 -1.27 
XI : Ma(a,P) -424.5225663 0.42 2.696 0.841 0.763 -0.11 -2.15 -0.41 
experiment    4.014d 0.682d 0.649d       
a
 Electronic energy in Hartree (1 Hartree = 627.5095 kcal/mol = 2625.5 kJ/mol). 
b
 Electronic energy with respect to the rotamer aa(a,P) in kJ/mol. 
c
 Dipole moment components with respect to the principal axes of inertia, signs refer to 
coordinates given in the appendix. 1 Debye = 3.33564∙10-30 Cm. 
d
 The experimental rotational constants of the observed conformer. 
 
The quantum chemical calculation predicted all trans ethyl isovalerate rotamers to be 
near prolate tops. This can be seen from the theoretical rotational constants which are 
presented in Figure 6.3. Enantiomeric pair II is the lowest in energy while conformer I 
with Cs symmetry is the highest in energy. It was assumed that the conformer with the 
lowest equilibrium energy is most likely observed under molecular beam condisitions. 
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Figure 6.2 3-Dimensional illustration of different conformers of ethyl isovalerate. The enantiomeric 
groups are noted in roman numerals. The number after the rotamer notation refers to the 
numbering presented in the publication [2]. 
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Figure 6.3 The rotational constants A, B, and C of different conformers of ethyl isovalerate 
calculated at the MP2/6-311++G(d,p) level of theory. Lines connecting the calculated 
rotational constants are only guides for the eye. The horizontal lines represent the 
observed rotational constants. 
 
6.1.3 Spectral Analysis and Spectroscopic Results 
     The microwave spectrum of ethyl isovalerate was taken by Dragan Jelisavac 
during his PhD. Using the rotational constants of aa(a,P) from the theoretical 
calculation, which is predicted to be the lowest in energy, a first guess of the spectrum 
could be made. With B+C of about 1.5 GHz (which corresponds to the distance 
between two R branches of the a type transition) and a quite small B-C (which 
corresponds to the width of one a type R branch), broadband scans in the region 
between 9.9 to 13.2 GHz were taken. In this frequency region two a type R branches 
of J=87 and J=98 were expected. After fitting these a type transitions with the 
XIAM code, the first raw rotational constants were obtained which were still rather 
far from the theoretical prediction. Those rotational constants were then used to 
predict the b and c type transitions, since the ab initio calculation has predicted that 
the molecule possesses sufficient dipole moment components in all principal axes. By 
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trial and error the Q branch of the b and c type transitions in the broadband scan 
region were assigned and the rotational constants and the centrifugal distortion 
constants could be obtained with an excellent accuracy. 
     In total, 128 spectral lines were succesfully fitted by the XIAM code with a 
standard deviation of 2.1 kHz which is almost experimental accuracy. The correlation 
matrix of the molecular constants is given in Table D.5 in the appendix. The 
spectroscopic results are summarized in the Table 6-2. The list of all transitions can 
be found in the Table A.6 in the appendix. 
Table 6-2 Comparison of molecular constants for the observed conformer of ethyl isovalerate, 
rotamer aa(a,P), obtained with the programs XIAM and the theoretical calculation. 
Constants
a
 Unit observed conformer Gaussian
b
 
A GHz 4.01354516(17) 3.319 
B GHz 0.681634593(28) 0.767 
C GHz 0.649266240(32) 0.715 
J kHz 0.085791(73)  
JK kHz 0.08773(74)  
K kHz 9.805(15)  
J kHz -0.027474(10)  
K kHz 4.8454(22)  
c unitless -0.98 
 
N
d
 unitless 128 
 
e kHz 2.1 
 
a 
All constants refer to the principal axis system, for the centrifugal distortion constants 
Watson's A reduction and a I
r
 representations was used. 
b 
Calculation at the MP2/6-311++G(d,p) level using Gaussian 03, enantiomeric pair II 
c
 Ray’s asymmetry parameter. 
d
 Number of the fitted parameters. 
e
 Number of fitted A and E species lines, respectively. 
 
6.1.4 Discussion and Conclusion 
     By comparing the rotational constants from the spectroscopic and the theoretical 
data it is not immediately clear which conformer has been observed. Of course, it 
should be kept in mind that the rotational constants are calculated in the equilibrium 
state while the MB-FTMW measurements are considered in the vibrational ground 
state. The next closest match is the conformer I, which possesses Cs symmetry; 
however this can be directly excluded since the existence of c type transitions is 
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proved. It is reported that the simple calculations using the Hartree-Fock (HF) method 
have delivered a better agreement with the experimental data [2]. However, this 
method is not suitable to optimize the geometry of a complex molecule like ethyl 
isovalerate since electron correlation considerations are not included in the 
calculation. An agreement between the theoretical and the experimental rotational 
constants could be found by coincidence. The DFT calculations at the 
B3LYP/6-311++G(d,p) level of theory were chosen and applied on all 21 conformers, 
which were found to be stable by the MP2 calculations. In contrast to the 
MP2/6-311++G(d,p) results, the theoretical constants of enantiomeric pair II 
calculated at the B3LYP/6-311++G(d,p) level are in good agreement with the 
experimental values. The B and C constants, 0.672 GHz and 0.646 GHz, are very 
close to the experimental constants, and the A constant, 3.901 GHz, has changed 
significantly into agreement with the experiment in contrast to the A constant 
obtained at the MP2/6-311++G(d,p) level of theory which is 3.319 GHz. With DFT 
calculation enantiomeric pair II was also determined to be the lowest in energy. On 
the basis of the DFT calculations, it can be concluded that enantiomeric pair II is the 
observed conformer. The optimized structures of enantiomeric pair II are shown in 
Figure 6.2 in highlight. Further geometry optimizations of enantiomeric pair II were 
also performed with ab initio methods at the MP3/6-311++G(d,p), 
MP4/6-311++G(d,p), and CCSD/6-311++G(d,p) levels of theory (it should be noted 
that no frequency calculations were carried out at these levels) to support the results 
of the DFT calculations. Apperently only MP2 calculation has failed to determine the 
geometry, while the other methods were in better agreement with the experimental 
findings. 
      A very low isobutyl torsional vibration (17.97 cm
-1
, 21.00 cm
-1
, and 29.98 cm
-1
) 
for the observed enantiomeric pair II from the harmonic frequency calculations at the 
HF/6-311++G(d,p), MP2/6-311++G(d,p), B3LYP/6-311++G(d,p) levels of theory, 
respectively. It is assumed that the remarkably low torsional potential between two 
carbon atoms C(4) and C(5) is due to symmetry. In an acetate anion, there is a local 
C2V symmetry in the COO group and a local C3V symmetry in the CH3 group. Such 
(C3V)-(C2V) molecule shows a 6-fold potential. In nitromethane and toluene, where 6-
fold potentials have been also observed, the barrier heights are known to be extremely 
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low; for nitromethane 2.1 cm
-1
 and for toluene 4.9 cm
-1
 have been reported [3,4]. In 
the case of acetic acid esters as mentioned above, also low torsional barriers of the 
methyl group were measured. Moreover, the calculated torsional potential function is 
usually 3-fold with only a small 6-fold contribution. Here, the COOR group has no 
longer C2V symmetry; however, it is still close to C2V, and the 3-fold potential barrier 
arising from the asymmetry in this (C3V)-(C2V) molecule is still small. Coming back to 
ethyl isovalerate, there is a COOR group, which is close to C2V connected with a 
CR1R2R3 (R1, R2 = H; R3 = C3H7) group, which is no longer C3V, but which is locally 
probably close to C3V. Therefore, also in this (C3V)-(C2V) molecule a rather low 
torsional barrier results for the C(4)-C(5) bond. 
6.2 Ethyl Butyrate 
By elimating one methyl group of the isovaleric acid part of the ethyl isovalerate, the 
geometry of ethyl butyrate, C3H7-COO-C2H5 is obtained. This ester appears as a 
volatile colorless liquid with a boiling point of 120°C to 122°C [5] which also can be 
found in different kind of fruits. 
6.2.1 The Structure 
     Ethyl butyrate is an aliphatic ester built from buteric acid with ethanol through an 
esterification catalyzed by an acid. The molecule has 6 C atoms, 12 H atoms and, 2 O 
atoms totally. The 3-dimensional illustration of this molecule is shown in Figure 6.4 
where also the atom numbering is given. 
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Figure 6.4 The structure of the rotamer aaa of ethyl n-butyrate along with torsional angles and atom 
labels as given in Gaussian. 
 
6.2.2 Theoretical Results 
     The study on ethyl butyrate begun with the calculations on 27 conformers at the 
MP2/6-311++G(d,p) level of theory. The theoretical results of these conformers are 
presented in Table 6-3. Only rotamer aaa (abbr. a
3
) belongs to the CS point group. 
The other rotamers form enantiomaric pairs. 
Table 6-3 Ab initio result of all trans conformers of ethyl butyrate calculated at the 
MP2/6-311++G(d,p) level of theory. 
 
Eh
a Eb A B C a b c 
Rotamer [Hartrees] [kJ/mol] [GHz] [GHz] [GHz] [Debye]c [Debye]c [Debye]c 
 
I: aaa -385.3370010 2.29 6.333 0.806 0.731 -0.47 0.00 0.00 -0.973 
II: aaP -385.3367705 2.90 6.068 0.851 0.811 -0.46 -1.83 -0.02 -0.985 
III: Maa -385.3378749 0.00 4.572 0.941 0.916 -0.63 -1.66 0.61 -0.986 
IV: MaP -385.3376370 0.62 3.722 1.130 1.047 -0.25 -0.21 -1.67 -0.938 
V: MaM -385.3375941 0.74 5.033 0.980 0.971 0.37 -0.05 -1.66 -0.996 
VI: PPa -385.3375973 0.73 3.082 1.200 1.035 0.20 -2.08 -0.98 -0.839 
VII: PPP -385.3375375 0.89 2.999 1.335 1.185 0.32 1.17 -1.75 -0.834 
VIII: PPM -385.3372941 1.52 4.012 1.114 1.057 0.25 -1.80 1.06 -0.961 
IX: aPa -385.3368596 2.67 3.949 0.945 0.816 0.06 -2.19 0.36 -0.918 
X: aPP -385.3367757 2.89 3.920 1.004 0.931 0.42 -1.73 1.07 -0.951 
XI: aPM -385.3365266 3.54 5.302 0.908 0.847 0.41 -1.96 0.37 -0.973 
XII: Mpa -385.3375972 0.73 3.085 1.199 1.035 -0.20 -2.08 -0.98 -0.840 
XIII: MPP -385.3372940 1.53 4.011 1.114 1.057 -0.25 -1.80 1.06 -0.961 
XIV: MPM -385.3375375 0.89 2.999 1.335 1.184 -0.32 1.17 -1.75 -0.834 
105 
6.2 ETHYL BUTYRATE 
 
a
 Electronic energy in Hartree (1 Hartree = 627.5095 kcal/mol = 2625.5 kJ/mol). 
b
 Electronic energy with respect to the rotamer Maa in kJ/mol. 
c
 Dipole moment components with respect to the principal axes of inertia, signs refer to 
coordinates given in the appendix. 1 Debye = 3.33564∙10-30 Cm. 
 
In Table 6-3 each enantiomeric pair is represented by one rotamer to avoid repitition 
of data due to identical molecular properties. It should be mentioned that only the 
rotamer a
3
 and the other 11 enantiomeric pairs turned out to be stable and have been 
succesfully optimized at the MP2/6-311++G(d,p) level of theory. Their geometries 
are given in the Figure 6.5 and Figure 6.6. 
 
     From the theoretical results in Table 6-3, it can be seen that the molecular 
properties of the rotamers of the enantiomeric pairs XII, XIII, and XIV are identical 
with those of the rotamers of the enantiomeric pairs VI, VIII, and VII. Starting with 
the geometries of the rotamers MPa/PMa (enantiomeric pairs XII) the geometry 
optimizations ended with exactly the same geometries as it is found in the rotamers 
PPa/MMa (enantiomeric pair VI). The MP2/6-311++G(d,p) method has also failed to 
optimize the geometries of the rotamers MPP/PMM (enantiomeric pair XIII) and the 
rotamers MPM/PMP (enantiomeric pair XIV) which after the calculations turned out 
to have exactly the same geometries of the rotamers PPM/MMP (enantiomeric pair 
VIII) and the rotamers PPP/MMM (enantiomeric pair VII), respectively. By 
analyzing the input geometries of the enantiomeric pairs XII, XIII, and XIV, it can be 
seen that a sterical hindering exists between the single bonded oxygen atom O(3) and 
the propyl rest C3H7 of the butyric acid part. 
     The atom positions in the principal axis system of all calculated rotamers can be 
found in Table B.44-Table B.57 in the appendix. There, also the input geometry 
parameters (Table C.15-Table C.17) and the optimized parameters obtained from the 
Gaussian output files (Table C.18-Table C.20) are found. From the theoretical 
rotational constants Ray’s asymmetry parameter can be obtained. All calculated 
trans conformers of ethyl butyrate are near prolate tops. The rotational constants are 
summarized in the diagrams of Figure 6.7 and Figure 6.8, which are compared with 
the spectroscopic data for the C1 conformer and CS conformer, respectively. 
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Figure 6.5 3-Dimensional illustration of trans conformers of ethyl butyrate calculated at the 
MP2/6-311++G(d,p) level of theory (part1). 
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Figure 6.6 3-Dimensional illustration of trans conformers of ethyl butyrate calculated at the 
MP2/6-311++G(d,p) level of theory (part 2). It should be noted that the geometries of 
enantiomeric pairs XII, XIII, and XIV are taken from the input geometries. 
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Figure 6.7 The rotational constants A, B, and C of different conformers of ethyl butyrate calculated 
at the MP2/6-311++G(d,p) level of theory in comparison with the observed conformer 
which belongs to the C1 point group. Lines connecting the calculated rotational constants 
are only guides for the eye. The horizontal lines represent the observed rotational 
constants. 
 
 
Figure 6.8 The rotational constants A, B, and C of different conformers of ethyl butyrate calculated 
at the MP2/6-311++G(d,p) level of theory in comparison with the observed conformer 
which belongs to the CS point group. Lines connecting the calculated rotational constants 
are only guides for the eye. The horizontal lines represent the observed rotational 
constants. 
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6.2.3 Spectral Analysis and Spectroscopic Results 
     The microwave spectra of ethyl n-butyrate were measured using Molecular Beam 
Fouriertransform Microwave (MB-FTMW) spectrometers in the frequency range of 
3-40 GHz and totally 435 lines were found. By analyzing the spectra two conformers 
of ethyl n-butyrate were fitted. It was found that 117 lines belong to one conformer 
and 188 lines to another conformer. The remaining 130 lines are still unassigned and 
might belong to other conformers, isotopomeres, or vibrationally excited states. 
     The first conformer assigned, with totally 117 lines, surely belongs to a CS point 
group, because no c type transitions were found. This conformer is called rotamer a
3
 
accordingly the notation rules defined in Chapter 4.2. Due to symmetry this 
conformer possesses relativ small centrifugal distortion constants. XIAM code fit the 
spectra with a deviation of 4.1 kHz. The result of the XIAM fit for this conformer is 
represented in the Table 6-4. 
Table 6-4 Comparison of the molecular constants of the observed conformer of ethyl butyrate with 
Cs symmetry obtained with the program XIAM and the theoretical calculation. 
Constant
a
 Unit observed conformer Gaussian
b
 
A GHz 6.32828789(48) 6.333 
B GHz 0.806593698(94) 0.806 
C GHz 0.732371867(93) 0.731 
J kHz 0.02045(40)  
JK kHz -0.1935(23)  
K kHz 17.609(40)  
J kHz 0.003093(41)  
K kHz -0.1449(87)  
c unitless -0.97 
 
N
d
 unitless 117 
 
e kHz 4.1 
 
a 
All constants refer to the principal axis system, Watson's A reduction and a I
r
 
representations is used. 
b 
Calculation at the MP2/6-311++G(d,p) level using Gaussian. The data refer to the constants 
of the rotamer a
3
. 
c
 Ray’s asymmetry parameter. 
d
 Number of the fitted parameters. 
e
 Standard deviation of the fit. 
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     For the other conformer 13 c type lines were found. All 188 lines are fitted by 
XIAM with a standard deviation of 8.0 kHz. Therefore, the second conformer 
definitely must belong to a C1 point group. Moreover, it was also found that all 
centrifugal distortion constants are about ten times bigger than the other observed 
conformer which has CS symmetry. The result of the XIAM fit for this conformer is 
presented in Table 6-5. 
     It should be mentioned that the intensities of the C1 conformer lines turned out to 
be stronger than those of the CS conformer. This fact is shown in the broadband scan 
printout of the frequency region from 12 to 13 GHz shown in Figure 6.9. Totally 15 
transitions of the C1 conformer can be seen in the spectrum, which includes a set of 
R branch a type transitions from J = 76 and two Q branch series of b type 
transitions. Only one R branch b type line is found near 13 GHz in this broadband 
scan. The CS conformer is represented by totally 8 transitions which are dominated by 
R branch of a type lines; 6 transitions of J = 87 were observed in this region. The 
last 2 lines belong to R branch b type transitions. 
Table 6-5 Comparison of the molecular constants of the observed conformer of ethyl butyrate with 
C1 symmetry obtained with the program XIAM and the theoretical calculation. 
Constant
a
 Unit observed conformer Gaussian
b
 
A GHz 5.23814974(73) 4.572 
B GHz 0.903763841(88) 0.941 
C GHz 0.86926443(11) 0.916 
J kHz 0.23805(24)  
JK kHz -5.5603(19)  
K kHz 76.578(66)  
J kHz -0.052177(90)  
K kHz 1.033(17)  
c unitless -0.98 
 
N
d
 unitless 188 
 
e kHz 8.0 
 a 
All constants refer to the principal axis system, Watson's A reduction and a I
r
 
representations is used. 
b 
Calculation at the MP2/6-311++G(d,p) level using Gaussian. The data refer to the constants 
of the enantiomeric pair III. 
c
 Ray’s asymmetry parameter. 
d
 Number of the fitted parameters. 
e
 Standard deviation of the fit. 
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6.2.4 Discussion and Conclusion 
     One conformer, the rotamer a
3
, has been unambiguously identified to be of 
CS symmetry. The rotational constants perfectly agree with the theoretical 
calculations and the existence of an ab-mirror plane is supported by the absence of c-
type lines and the centrifugal distortion constants which are in a normal range. The 
assignment of the second observed conformer is not unique. The rotational constants 
of the enantiomeric pairs III and XI are close to the observed constants (see Table 
6-5). The geometries of the enantiomeric pairs III and XI are compared in Figure 
6.10. 
 
Figure 6.10 The candidats of the observed conformer with C1 symmetry side by side: rotamer Maa 
represented the conformer III and rotamer aPa represented the conformer XI. Both 
geometries are shown in the principal axes. On the right upper corners the molecules are 
arranged perpendicularly to the carbonyl plane (O=CR1-OR2, with R1 = C3H7 and 
R2 = C2H5). 
All a-, b- and c-type transitions were observed, therefore a symmetry plane can be 
excluded. The C1-C4 bond is known to have relatively low torsional barriers such as 
it is found for the acetyl methyl rotor of acetic acid esters which is determined to be 
around 100 cm
-1
. Moreover, the low isobutyl torsional vibration found in ethyl 
isovalerate may also appear in ethyl n-butyrate. 
     The observed geometry can be reproduced by rotation around the waggly bond 
C1-C4 (it refers to the dihedral angle  = (O2,C1,C4,C7)) of a few degree from the 
 III               vs.                XI 
Maa aPM 
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equilibrium geometries of the enantiomeric pairs III and/or XI calculated by ab initio. 
By fixing all molecular constants of the molecule and relaxing only the dihedral angle 
 = (O2,C1,C4,C7), the rotational constants are defined as a function of the . The 
diagrams are given in Figure 6.11 for the enantiomeric pair III and in Figure 6.12 for 
the enantiomeric pair XI, respectively. 
 
  
Figure 6.11  Relationship between large amplitude motion around the bond C(1)-C(4) of the rotamer 
Maa of the enantiomeric pair III of ethyl butyrate and the rotational constants. It should 
be noted that all molecular constants are held fixed, except the dihedral angle 
 = (O2,C1,C4,C7). The angle  = 0° corresponds to the optimized structure obtained 
by theoretical calculations. The numbers on the y axis correspond to the deviation from 
the rotational constants of the optimized structure and are expressed in percentage. 
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Figure 6.12 Relationship between large amplitude motion around the bond C(1)-C(4) of the rotamer 
aPM of the enantiomeric pair XI of ethyl butyrate and the rotational constants. It should 
be noted that all molecular constants are held fixed, except the dihedral angle 
 = (O2,C1,C4,C7). The angle  = 0° corresponds to the optimized structure obtained 
by theoretical calculations. The numbers on the y axis correspond to the deviation from 
the rotational constants of the optimized structure and are expressed in percentage. 
 
     By analyzing the diagrams, it can be concluded that the observed conformer is a 
modification of the rotamers of the enantiomeric pair III. At an angle of about 17° 
counterclockwise from the optimized  of the rotamer Maa, all rotational constants A, 
B, and C seem to agree with a deviation of less then 1%. For the observed conformer 
the dihedral angle  is corrected from -34.66 to an angle of about -52°. For the 
enantiomeric pair XI, which is represented by the rotamer aPM, no agreement can be 
found. 
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6.3 Summary 
Two ester molecules have been investigated and reported in this chapter. Both esters 
have an ethoxyl (CH3CH2O-) group. For both cases no large amplitude motions due to 
internal rotation were observed. All observed conformers are assigned and fitted using 
the XIAM code. It yielded data sets of rotational constants A, B, and C, and the five 
centrifugal distortion constants J, JK, K, J, and K with satisfying standard 
deviation which is close to the experimental error. The use of quantum chemistry has 
become important, especially for assigning the conformers and for defining the 
geometries. In most cases the MP2 method and the basis set 6-311/++G(d,p) were 
used and turned out ot be suitable for the investigation. But, it was not always easy to 
find the geometries only by comparing the spectroscopic with the theoretical data. 
     For ethyl isovalerate the DFT method seems to be a more suitable method for 
describing the geometry. The molecular constants of the rotamers aa(P,M)/aa(M,a) 
of the enantiomeric pair II, which are obtained from the calculations at the 
B3LYP/6-311++G(d,p) level of theory, match with the molecular constants of the 
observed conformer. The reason why the geometries from the MP2 calculations do 
not agree with the experimental data is presumably caused by the low vibrational 
energy around the C-C bond which is directly attached to the double bonded oxygen 
atom. A similar case of the waggly C-C bond is also observed in all acetic acid esters 
where the low acetyl methyl rotational barriers are found to be about 100 cm
-1
. 
     For ethyl butyrate two conformers were observed. One confomer was assigned to 
have the CS symmetry i.e., the rotamer a
3
. The assignment of the other conformer was 
not unique. Also in this case it is assumed that the low vibrational potential energy 
around the C-C bond next to the double bonded oxygen atom, as also found in ethyl 
isovalerate, could be responsible for this problem. The observed conformer could be 
reproduced by modifying the structure of the rotamer Maa, in which the dihedral 
angle  = (O2,C1,C4,C7) is rotated 17° counterclockwise from its origin (the 
original structure is the optimized structure calculated at the MP2/6-311++G(d,p) 
level of theory). No DFT calculations were carried out to investigate the geometries of 
different conformers of ethyl butyrate. Until now, it is not known whether the DFT 
method can describe the geometry of ethyl butyrate better than the MP2 method. 
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However, for the case of ethyl isovalerate the DFT method seems to be more 
competitive in comparison to the more expensive MP2 method. 
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 7  
SUMMARY 
In the scope of this dissertation a fundamental nomenclature for the aliphatic 
compounds especially the saturated hydrocarbons has been defined and used to name 
the conformers of the esters treated in this work. This was necessary since in larger 
esters or aliphatic hydrocarbons generally, more than one stable conformer appear and 
it is no longer possible to indicate the rotamers only by gauche or anti, which is more 
suitable for cases of small esters such as ethyl formate or ethyl acetate. It can be 
shown that with a redefined Cahn-Ingold-Prelog nomenclature each conformer can be 
easily identified by name. Since the conformational information is included in the 
notation, the geometry of the respective conformer is immediately clear. It is possible 
that the same conformational symbols appear consecutively such as found in rotamer 
aa of n-propyl acetate or rotamer aaa of n-butyl acetate and so on. When the carbon 
chain becomes longer it will be unconvenient especially when it comes to spelling the 
conformer notation e.g., in the case of a n-heptyl acetate where a rotamer aaaaaa 
exists or in n-octyl acetate with its rotamer aaaaaaa. The repitition of the symbol can 
be simplified to a
7
 for example when seven antiperiplanar conformations appear in a 
series in the molecule. It is also possible to simplify the notation of a molecule with a 
conformational series such as found in rotamer PMPMPMPM to (PM)
4
 where plus- 
and minus-synclinal conformations appear four times consecutively. 
     Molecular Beam Fourier Transform Microwave (MB-FTMW) spectrocopy was 
used to study the structure of the esters. The quantum chemical calculations have been 
helpful to optimize the geometries of the conformers of the esters and to provide 
rotational constants which can be used as initial guesses for asigning the spectra. The 
scope of this study was focused on the trans conformers of the esters since the cis 
conformers were predicted by quantum chemical calculations to be rather high in 
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energy and therefore unlikely to be observed in the MB-FTMW spectra. The MP2 
method was generally used for the geometry optimizations. In some cases calculations 
using the DFT method (B3LYP) were necessary. The basis set 6-311++G(d,p) turned 
out to be the most suitable basis set for all esters and was applied in all quantum 
chemical calculations. Totally, four acetic acid esters (isoamyl acetate, n-propyl 
acetate, n-butyl acetate, and methyl acetate), one isotopomer of the methyl acetate 
(methyl acetate-d3 with an acetyl CD3-rotor), ethyl isovalerate, and ethyl butyrate 
were studied and reported in this dissertation. 
     The XIAM code was very important to assign anad to predict the spectra of the 
esters. As long as the molecule has no dynamic effects, which cause more complexity 
in the spectrum, the XIAM code can fit the spectra with a fairly small standard 
deviation. The acetic acid esters posses a rather low rotational hindering barrier of 
about 100 cm
-1
. The spectrum becomes more complex since the rotational transitions 
are splitted into the A and E tunneling components which can be separated by a few 
GHz. Another program was needed to fit the spectrum. The BELGI program written 
by I. Kleiner was then chosen for the global fit. It could fit the spectrum with a 
standard deviation which is within experimental accuracy. A very convincing 
example is the global fit of the isoamyl acetate where using the BELGI-C1 program 
the standard deviation could be decreased from 17.0 kHz (fitted by the XIAM code) 
to 2.9 kHz. The complexity of the spectrum becomes higher when more internal 
rotations are found in the molecule such as observed in methyl acetate. A new 
program BELGI-CS-2Tops for fitting the high-resolution torsion-rotation spectra of 
molecules with two inequivalent methyl rotors and a plane of symmetry at 
equilibrium was described and applied to methyl acetate. 
     The essential molecular constants such as the rotational constants A, B, and C and 
the centrifugal distortion constants J, JK, K, j, and k of all esters were determined. 
All esters are found to be near prolate tops. Besides these constants the hindering 
barriers of the acetyl methyl tops are essential dynamical information of the 
molecules. The acetic acid esters only have one low barrier methyl rotor i.e., the 
acetyl methyl rotor. The hindering barrier of the acetyl methyl top of the enantiomeric 
pairs aM(M,a)/aP(a,P) of isoamyl acetate was determined by XIAM and BELGI-C1 
to be about 94 cm
-1
. An unusual moment of inertia I for a methyl rotor was found. 
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With 3.4 uÅ
2
 the I value is considered too big for a methyl top. It is assumed that the 
increase of the I value is probably caused by non-rigidity effects due to vibrations of 
the isopropyl group. For the enantiomeric pair aM/aP of n-propyl acetate the acetyl 
methyl rotation barrier was estimated by XIAM to be 97.30 cm
-1
 and by BELGI-C1 to 
be 103.34 cm
-1
. It should be noted that the I value of the n-propyl acetate was 
determined by the XIAM code to be 3.331 uÅ
2
. Fixing I to the theoretical value does 
not bring any reasonable results. In this dissertation the spectroscopic results for the 
observed enantiomeric pair aPa/aMa of n-butyl acetate are reported. The torsional 
barrier height for the rotamers aPa/aMa is 94.8219(80) cm
-1
 and 99.66(36) cm
-1
 for 
XIAM and BELGI-C1, respectively, differing by a few percent. With Iγ values of 
3.38242(28) uÅ
2
 for XIAM and 3.38657(36) uÅ
2
 for BELGI-C1, it can be shown that 
non-rigidity effects arise again in n-butyl acetate; it refers to the n-butyl rest which 
could interact with the acetyl methyl group through vibrational coupling. In 
conclusion, the hindering barrier of the acetyl methyl rotor of all acetic acid esters are 
found to be around 100 cm
-1
 and this value can be used as a starting point to study 
other acetic acid esters. 
     For methyl acetate, the G18 permutation-inversion group-theoretical considerations 
were applied. The program BELGI-CS-2Tops has fitted more than 800 new 
microwave and millimeter-wave lines of the ground state transitions of methyl acetate 
which lead to root-mean-square deviations of 4 kHz for the microwave lines and of 
40 kHz for the millimeter-wave lines. The results from the present work show a factor 
of 100 improvement in the E species residuals in comparison to the previous work of 
30 years ago. The heights of the internal rotation barriers were determined to be of 
102 cm
-1
 for the acetyl methyl top and 422 cm
-1
 for the methoxl top. The isotopomer 
methyl acetate-d3 with an acetyl CD3-rotor was also investigated. The isotopomer was 
synthesized from acetic acid-d3 and methanol with concentrated deuterated sulfuric 
acid as a catalyst. The synthesis yielded methyl acetate-d3 of a satisfying purity. The 
height of the methoxyl internal rotation barrier was found to be about 422 cm
-1
 as it is 
also found in methyl acetate. 
     Also the studies of ethyl isovalerate and ethyl butyrate are reported. The 
spectroscopic and the theoretical results agree relatively good. For ethyl isovalerate 
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the DFT method seems to be a more suitable method for describing the geometry in 
comparison with the MP2 method. The molecular constants of the observed rotamers 
aa(a,P)/aa(M,a), which are obtained from the calculations at the 
B3LYP/6-311++G(d,p) level of theory, match with the molecular constants of the 
observed conformer. Why the geometries from the MP2 calculations do not agree 
with the experimental data is presumably caused by the low torsional potential around 
the C-C bond which is directly attached to the double bonded oxygen atom. This 
effect is very similar to the internal rotation of the acetyl methyl rotor of the acetic 
acid esters whose barriers are found to be about 100 cm
-1
. For ethyl butyrate two 
conformers were observed. One confomer was assigned to have CS symmetry i.e., the 
rotamer a
3
. The assignment of the other conformer was not unique. Also in this case it 
is assumed that the low vibrational potential energy around the C-C bond next to the 
double bonded oxygen atom, as also found in ethyl isovalerate, could be responsible 
for this problem. 
     In addition to the conformational aspect, it is found in all observed acetic acid 
esters that the preferred conformer tends to fold after the second carbon atom counted 
from the single bonded oxygen atom which means the acetoxy group of the acetic 
acid esters CH3-COO-CH2-CH2-R is always plus- or minus-synclinal to the 
remaining carbon chain of the alkyl side group R. The existence of another folding in 
the next carbon chains has not been observed yet. It can also be concluded that the 
most observed conformers are molecules with C1 symmetry. In some esters, the 
conformers with CS symmetry were also observed but their intensities are usually 
weaker than those of the conformers with C1 symmetry. Moreover, the quantum 
chemical calculations always predict the conformers with CS symmetry to be higher in 
energy. It seems that the nature prefers geometries with C1 symmetry over the 
geometries with CS symmetry for ester molecules. 
 
 8  
ZUSAMMENFASSUNG 
Im Rahmen dieser Doktorarbeit wurde ein Nomenklatur-System für die aliphatischen 
Verbindungen vor allem die gesättigten Kohlenwasserstoffe definiert, das auf die von 
Cahn-Ingold-Prelog definierte Nomenklatur basiert, Dieses wurde verwendet, um die 
Konformeren der in dieser Arbeit behandelten Ester zu benennen. Dies war 
notwendig, da bei größeren Estern oder aliphatischen Kohlenwasserstoffen allgemein 
mehr als ein stabiles Konformer erscheinen kann. Deshalb ist eine einfache Notation, 
wie „gauche“ oder „anti“ für größere Moleküle nicht mehr geeignet, während es bei 
kleineren Molekülen, wie Ethylformiat oder Ethylacetat, durchaus noch verwendbar 
ist. Es konnte gezeigt werden, dass diese Nomenklatur sehr praktisch anzuwenden ist 
und die entsprechenden Konformere anhand ihres Namens direkt und effizient 
identifiziert werden können. In einigen Fällen kann es passieren, dass gleiche 
konformative Symbole nacheinander auftauchen, wie es in dem Fall von Rotamer aa 
des n-Propylacetats oder Rotamer aaa des n-Butylacetats zu finden ist. Sollte die 
Kohlenwasserstoffketten immer länger werden, ist eine Modifikation der jetztigen 
Nomenklatur sinvoll. Man erkennt, dass bei Molekülen wie n-Heptylacetat, wo ein 
Rotamer aaaaaa existiert, oder n-Octylacetat, wo ein Rotamer  aaaaaaa existiert, die 
Notation nicht mehr bequem ausgesprochen werden kann. Die Wiederholung von 
Symbolen kann zu a
7
 vereinfacht werden, wenn zum Beispiel sieben antiperiplanare 
Konformationen nacheinander im Molekül erscheinen. Diese Abkürzung lässt sich 
auch in Fällen einsetzen, wo gleiche Gruppen von konformativen Symbolen 
nacheinander erscheinen. Zum Beispiel, kann das Rotamer PMPMPMPM als (PM)
4
 
benannt werden. 
     Zusammen mit den quantenchemischen Rechnungen, ist die Molekularstrahl-
Fouriertransform-Mikrowellen (MB-FTMW)-Spektroskopie eine außerordentlich 
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leistungsfähige Methode, um die Strukturen und die Dynamik der Ester zu erforschen. 
Der Schwerpunkt der Studie lag in der Untersuchung der trans Konformere der Ester, 
da quantenchemischen Rechnungen vorhersagen, dass die cis Konformere höhere 
Energie besitzen und es daher unwahrscheinlich ist, sie in den MB-FTMW Spektren 
zu beobachten. Die MP2-Methode mit dem Basissatz 6-311++G(d,p) wurde im 
Allgemein für die Geometrieoptimierung verwendet. Insgesamt wurden vier 
Essigsäureester (Isoamylacetat, n-Propylacetat, n-Butylacetat und Methylacetate), ein 
Isotopomer des Methylacetats (Methylacetate-d3 mit einem Acetyl-CD3-Rotor), 
Ethylisovalerat und Ethylbutyrate untersucht. 
     Das Program XIAM wurde hauptsächtlich für die Zuordnung und die Vorhersage 
der Spektren der Ester benötigt. Solange die Moleküle keine anspruchsvollen 
dynamischen Effekte besitzen, die die Komplexität des Spektrums erhöhen, kann das 
Programm XIAM auch zum Fitten benutzt werden. Die Essigsäureester besitzen 
relativ niedrige Hinderungsbarriere für den Acetyl-Methyl-Rotor, wodurch die 
einzelnen Rotationsübergänge jeweils zu A und E Spezies aufspalten, wobei die 
beiden Komponenten bis zum einigen GHz entfernt sein können. Die Programme 
BELGI-CS und BELGI-C1 (CS und C1 beziehen sich auf die Symmetrie des Moleküls) 
von I. Kleiner eignen sich besser, um Molekülen mit einer internen Rotation zu Fitten. 
Zusätzlich wurde ein neues Program BELGI-CS-2Tops geschrieben, um die Spektren 
von Molekülen mit zwei inäquivalenten internen Rotoren und einer Symmetrieebene 
in seiner Gleichgewichts-struktur zu fitten. 
     Aus den theoretischen und spektroskopischen Ergebnissen konnte gezeigt werden, 
dass alle Ester nahezu Prolate-Tops sind. Die wichtigsten molekularen Konstanten, 
wie Rotationskonstanten A, B und C, und die Zentrifugal-Verzerrungskonstanten J, 
JK, K, j und k der Ester konnten bestimmt werden. Auch die Hinderungsbarriere 
der internen Rotation durch die Methylgruppen war interessant, weil diese Größen 
eine wichtige dynamische Information liefern. Alle Essigsäureester besitzen einen 
Acetyl-Methyl-Rotor. Die Hinderungsbarriere des Acetyl-Methyl-Rotors des 
Enantiomerenpaars aM(M,a)/aP(a,P) des Isoamylacetats wurde von XIAM und 
BELGI-C1 auf ∼94 cm
-1
 bestimmt. Das Trägheitsmoment des internen Rotors I, 
welches 3.4 uÅ
2
 ist, entspricht nicht dem Wert eines normalen Methylrotors 
(∼3.2 uÅ2). Dieser ungewöhnlich große Wert könnte von einem „non-rigidity“-Effekt 
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hervorgerufen werden, der von Schwingungsbewegungen des Isopropylrests des 
Isoamylacetats verursacht wird. Für das Enantiomerenpaar aM/aP des 
n-Propylacetats hat XIAM eine Hinderungsbarriere von 97.30 cm
-1
 und BELGI-C1 
103.34 cm
-1
 bestimmt. Der XIAM-Wert für I ist mit 3.331 uÅ
2
 etwas zu hoch. In 
dieser Arbeit werden die spektroskopischen Ergebnisse des beobachteten 
Enantiomerenpaars aPa/aMa des n-Butylacetats diskutiert. Die Hinderungsbarriere 
des Acetyl-Methyl-Rotors wurde von XIAM zu 94.8219(80) cm
-1
 und von BELGI-C1 
zu 99.66(36) cm
-1
 bestimmt. Der „non-rigidity“-Effekt ist wieder in n-Butylacetat 
vorhanden, da sowohl durch XIAM als auch BELGI-C1 ein hoher Wert für Iγ von 
etwa 3.38 uÅ
2
 gefunden wurde. Zum Schluss kann man zusammenfassen, dass die 
Hinderungsbarriere des internen Acetyl-Methylrotors für alle Essigsäureester etwa 
100 cm
-1
 besträgt. In der Zukunft kann der Wert 100 cm
-1
 als Anfangsschätzwert für 
die Studien an andere Essigsäureester benutzt werden. 
     Für Methylacetat wurde die G18-Permutations-Inversions (PI)-Gruppen-
theoretischen Betrachtung angewendet. Das Programm BELGI-CS-2Tops hat mehr als 
800 neue Mikrowellen- und Millimeterwellenlinien der Grundzustandsübergänge des 
Methylacetats mit einer Standardabweichung von 4 kHz für die Mikrowellenlinien 
und von 40 kHz für die Millimeterwellenlinien gefittet. Die Ergebnisse aus der 
vorliegenden Arbeit zeigen eine 100-fache Verbesserung der E-Spezies-Residuen im 
Vergleich zu der Arbeit von vor 30 Jahren. Die Hinderungsbarriere der internen 
Rotoren ist 102 cm
-1
 für den Acetyl-Methyl-Top und 422 cm
-1
 für den Methoxyl-Top. 
Das Isotopomer Methylacetat-d3, wo sich ein Acetyl-CD3-Rotor im Molekül befindet, 
wurde ebenfalls untersucht. Das Isotopomer wurde aus Essigsäure-d3 und Methanol 
mit einer deuterierten konzentrierten Schwefelsäure als Katalysator synthetisiert. Es 
konnte ein Produkt mit befriedigender Reinheit erhalten werden. Eine interne 
Rotationsbarriere für den Methoxyl-Rotor von 422 cm
-1
 wurde gefunden, was auch 
für das Methylacetat gefunden worden ist. 
     Auch über die Untersuchungen von Ethylisovalerat und Ethylbutyrat wurde 
berichtet. Die spektroskopischen und theoretischen Ergebnisse wurden vergleichen 
und zeigten eine gute Übereinstimmung. Für Ethylisovalerat scheint die DFT-
Methode ein besseres Verfahren im Vergleich zu der MP2-Methode, um die 
Strukturen zu optimieren. Die molekularen Konstanten des beobachteten 
125 
 
Enantiomerenpaars aa(a,P)/aa(M,a), die aus den quantenchemischen Rechnungen auf 
B3LYP/6-311++G(d,p)-Niveau erhalten wurden, stimmen mit den experimentellen 
Daten weitgehend überein. Dies wird vermutlich durch die niedrige Torsionsbarriere 
um die C-C-Bindung, die direkt an das Carboxyl-Sauerstoffatom gebunden ist, 
verursacht. Es wurden zwei Konformere des Ethylbutyrats beobachtet; ein Konformer 
besitzt CS-Symmetrie und das andere C1-Symmetrie. Die Zuordnung des Konformers 
mit der CS-Symmetrie war nicht sofort klar, weil wahrscheinlich eine niedrige 
Torsionsbarriere um dieselben C-C-Bindung auch hier eine Rolle spielt, wie in 
Ethylisovalerat gefunden worden ist. 
     Neben der strukturellen Aspekten, wird in allen beobachteten Essigsäureestern ein 
Tendenz gefunden, dass eine antiperiplanare Konformation bevorzugt ist, d.h. die 
Acetoxygruppe der Essigsäureester CH3-COO-CH2-CH2-R befindet sich immer plus- 
oder minus-synclinal zu dem verbleibenden Alkylrest R. Eine weitere Faltung der 
Kohlenstoffkette ist bisher noch nicht beobachtet worden. Es kann auch festgestellt 
werden, dass die meisten beobachteten Konformere C1-Symmetrie besitzen. In 
einigen Estern konnten auch Konformeren mit CS-Symmetrie beobachtet werden. In 
der Regel sind ihre Intensitäten im Spektrum geringer als die Intensitäten der 
Konformere mit C1-Symmetrie. Darüber hinaus haben die quantenchemischen 
Rechnungen immer vorhergesagt, dass die Konformere mit CS-Symmetrie höhere 
Energie haben. Es scheint, dass die Natur Strukturen mit C1-Symmetrie gegenüber 
den Strukturen mit CS-Symmetrie bevorzugt. 
 
 APPENDICES 
Appendix A: Frequency Lists 
Table A.1 The frequency list of isoamyl acetate fited by BELGI-C1. 
J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
2 1 2 1 0 1 A 5354.455 -0.004 
2 2 1 1 1 0 A 10544.458 0.002 
2 2 0 1 1 1 A 10567.378 -0.005 
3 0 3 2 0 2 A 4206.867 0.000 
3 1 2 2 1 1 A 4241.537 0.000 
3 1 3 2 1 2 A 4173.208 -0.001 
3 2 2 2 1 1 A 11924.159 0.001 
4 0 4 3 0 3 A 5608.435 0.000 
4 1 3 3 1 2 A 5655.187 -0.001 
4 1 4 3 1 3 A 5564.084 -0.001 
4 2 3 3 1 2 A 13292.429 -0.004 
4 2 3 3 1 3 A 13429.095 0.008 
4 2 2 3 2 1 A 5611.319 0.000 
4 2 3 3 2 2 A 5609.812 -0.001 
4 2 3 4 1 4 A 7865.005 0.003 
5 0 5 4 0 4 A 7009.385 0.000 
5 1 5 4 0 4 A 9426.412 -0.002 
5 1 4 4 1 3 A 7068.669 -0.001 
5 1 5 4 1 4 A 6954.797 0.000 
5 2 4 4 1 3 A 14649.289 -0.003 
5 2 3 4 2 2 A 7015.060 0.000 
5 3 2 4 3 1 A 7012.894 0.001 
5 3 2 5 2 3 A 12914.000 0.000 
5 3 3 5 2 4 A 12919.250 -0.007 
6 0 6 5 0 5 A 8409.566 0.000 
6 1 6 5 0 5 A 10762.332 -0.001 
6 1 5 5 1 4 A 8481.938 -0.001 
6 2 5 5 1 5 A 16336.408 0.021 
6 2 4 5 2 3 A 8419.405 -0.001 
6 2 5 5 2 4 A 8414.134 -0.001 
6 2 4 6 1 5 A 7523.363 -0.001 
6 2 5 6 1 6 A 7991.084 0.002 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
6 3 3 6 2 4 A 12910.238 -0.001 
6 3 4 6 2 5 A 12920.728 -0.004 
7 0 7 6 0 6 A 9808.828 -0.001 
7 1 6 6 0 6 A 12725.977 -0.002 
7 1 6 6 1 5 A 9894.947 -0.001 
7 2 6 6 1 5 A 17328.865 -0.001 
7 2 5 6 1 6 A 17826.099 -0.001 
7 2 5 6 2 4 A 9824.471 -0.001 
7 4 3 6 4 2 A 9817.925 0.000 
7 3 5 7 2 6 A 12923.098 -0.002 
8 0 8 7 0 7 A 11207.026 -0.001 
8 1 7 7 0 7 A 14224.799 -0.001 
8 1 8 7 0 7 A 13405.073 -0.001 
8 1 7 7 1 6 A 11307.648 -0.001 
8 1 8 7 1 7 A 11125.563 0.000 
8 2 6 7 2 5 A 11230.370 0.000 
8 3 5 7 3 4 A 11221.469 0.000 
8 3 6 7 3 5 A 11221.313 0.001 
8 3 6 8 2 7 A 12926.654 -0.002 
9 0 9 8 0 8 A 12604.024 -0.001 
9 1 8 8 0 8 A 15737.764 -0.003 
9 1 9 8 0 8 A 14713.292 -0.001 
9 0 9 8 1 8 A 10405.974 -0.003 
9 1 8 8 1 7 A 12719.992 -0.001 
9 1 9 8 1 8 A 12515.245 -0.001 
9 2 8 8 1 8 A 20782.982 -0.002 
9 2 7 8 2 6 A 12637.204 -0.001 
9 2 8 8 2 7 A 12619.232 0.000 
9 3 6 8 3 5 A 12624.587 -0.001 
9 3 7 8 3 6 A 12624.300 0.000 
9 4 6 8 4 5 A 12623.339 0.001 
9 5 5 8 5 4 A 12622.834 0.002 
9 6 3 8 6 2 A 12622.538 0.003 
8 5 4 9 4 5 A 10626.740 -0.001 
9 3 7 9 2 8 A 12931.721 -0.001 
10 0 10 9 0 9 A 13999.694 -0.001 
10 0 10 9 1 9 A 11890.425 -0.001 
10 1 9 9 1 8 A 14131.924 -0.001 
10 1 10 9 1 9 A 13904.586 -0.001 
10 2 8 9 2 7 A 14045.070 0.000 
10 2 9 9 2 8 A 14020.445 0.000 
10 3 7 9 3 6 A 14027.879 0.000 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
10 3 8 9 3 7 A 14027.384 0.000 
10 4 7 9 4 6 A 14026.124 0.003 
10 5 5 9 5 4 A 14025.443 0.001 
10 6 4 9 6 3 A 14025.052 0.003 
10 7 3 9 7 2 A 14024.782 0.004 
9 7 3 10 6 4 A 19556.750 0.000 
10 2 8 10 1 9 A 7205.964 0.000 
11 0 11 10 0 10 A 15393.924 -0.001 
11 0 11 10 1 10 A 13379.763 -0.001 
11 1 10 10 1 9 A 15543.389 -0.001 
11 1 11 10 1 10 A 15293.549 -0.010 
11 2 9 10 2 8 A 15454.043 0.000 
11 2 10 10 2 9 A 15421.366 -0.001 
11 3 8 10 3 7 A 15431.369 -0.002 
11 3 9 10 3 8 A 15430.567 0.000 
11 4 8 10 4 7 A 15428.970 0.004 
11 5 7 10 5 6 A 15428.076 0.001 
11 6 6 10 6 5 A 15427.569 0.003 
11 7 5 10 7 4 A 15427.225 0.002 
11 2 9 11 1 10 A 7116.618 0.001 
11 3 9 11 2 10 A 12947.860 -0.001 
12 2 10 11 2 9 A 16864.184 0.000 
12 2 11 11 2 10 A 16821.960 -0.008 
12 3 9 11 3 8 A 16835.096 -0.001 
12 3 10 11 3 9 A 16833.848 0.000 
12 4 8 11 4 7 A 16831.889 0.000 
12 4 9 11 4 8 A 16831.876 0.001 
12 5 8 11 5 7 A 16830.734 0.001 
12 2 10 12 1 11 A 7026.474 0.002 
12 3 9 12 2 10 A 12813.796 0.002 
12 3 10 12 2 11 A 12959.741 0.000 
13 0 13 12 0 12 A 18177.718 -0.001 
13 1 13 12 0 12 A 19879.602 0.000 
13 1 12 12 1 11 A 18364.678 0.000 
13 1 12 12 2 11 A 11487.278 0.001 
13 2 11 12 2 10 A 18275.527 0.000 
13 2 12 12 2 11 A 18222.219 0.000 
13 3 10 12 3 9 A 18239.093 0.001 
13 3 11 12 3 10 A 18237.222 0.001 
13 4 9 12 4 8 A 18234.881 0.000 
13 4 10 12 4 9 A 18234.858 0.002 
13 5 9 12 5 8 A 18233.421 0.002 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
13 6 8 12 6 7 A 18232.613 0.001 
13 8 6 12 8 5 A 18231.704 0.008 
13 9 5 12 9 4 A 18231.364 -0.015 
13 2 11 13 1 12 A 6937.324 0.001 
13 3 10 13 2 11 A 12777.361 0.001 
13 3 11 13 2 11 A 12772.363 0.001 
13 3 11 13 2 12 A 12974.743 0.000 
14 0 14 13 0 13 A 19567.172 0.001 
14 1 14 13 0 13 A 21159.898 0.000 
14 0 14 13 1 13 A 17865.286 -0.001 
14 1 13 13 1 12 A 19774.371 0.001 
14 2 13 13 2 12 A 19622.094 0.000 
14 3 12 13 3 11 A 19640.681 0.001 
14 6 8 13 6 7 A 19635.144 0.002 
14 7 7 13 7 6 A 19634.504 0.003 
14 3 12 14 2 13 A 12993.330 0.001 
15 0 15 14 0 14 A 20954.970 0.000 
15 1 14 14 1 13 A 21183.336 0.002 
15 2 13 14 2 12 A 21101.819 0.000 
15 2 14 14 2 13 A 21021.561 -0.001 
15 3 12 14 3 11 A 21048.061 0.001 
15 2 13 15 1 14 A 6769.519 0.000 
15 3 12 15 2 13 A 12678.919 0.000 
15 3 13 15 2 14 A 13015.983 0.001 
2 2 1 1 1 1 E 10136.037 -0.006 
3 -3 0 2 -2 0 E 17486.424 -0.002 
3 -2 1 2 -1 1 E 12326.841 0.000 
3 3 1 2 2 1 E 16693.544 0.002 
3 -3 0 3 -2 1 E 13279.733 -0.001 
3 3 1 3 2 2 E 12486.321 -0.001 
4 -3 1 3 -2 1 E 18887.249 -0.002 
4 -2 2 3 -1 2 E 13717.291 0.001 
4 3 2 3 2 2 E 18094.335 0.002 
4 -1 3 3 -1 2 E 5630.815 0.001 
4 2 3 3 1 3 E 12938.333 -0.003 
4 0 4 3 0 3 E 5573.756 -0.001 
4 1 4 3 1 3 E 5600.891 0.000 
4 -3 1 4 -2 2 E 13278.119 -0.002 
4 -2 2 4 -1 3 E 8086.476 0.000 
4 3 2 4 2 3 E 12484.440 0.000 
4 2 3 4 1 4 E 7337.442 -0.002 
5 -3 2 4 -3 1 E 7009.499 0.000 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
5 -3 2 4 -2 2 E 20287.618 -0.001 
5 -2 3 4 -2 2 E 7011.754 0.001 
5 3 3 4 3 2 E 7010.132 -0.001 
5 -2 3 4 -1 3 E 15098.231 0.002 
5 3 3 4 2 3 E 19494.574 0.001 
5 -1 4 4 -1 3 E 7046.261 0.001 
5 2 4 4 2 3 E 7012.794 0.000 
5 2 4 4 1 4 E 14350.238 -0.001 
5 0 5 4 0 4 E 6968.982 -0.001 
5 1 5 4 1 4 E 6989.771 -0.001 
5 -3 2 5 -2 3 E 13275.863 -0.002 
5 4 2 5 3 3 E 17641.183 0.009 
5 -2 3 5 -1 4 E 8051.970 0.001 
5 3 3 5 2 4 E 12481.780 0.002 
6 -3 3 5 -3 2 E 8411.549 0.001 
6 -3 3 5 -2 3 E 21687.412 -0.001 
6 -2 4 5 -2 3 E 8414.614 0.001 
6 -2 4 5 -1 4 E 16466.584 0.002 
6 3 4 5 2 4 E 20894.114 0.002 
6 -1 5 5 -1 4 E 8463.632 0.001 
6 2 5 5 1 5 E 15776.442 -0.002 
6 0 6 5 0 5 E 8364.921 0.000 
6 1 6 5 1 5 E 8374.798 -0.001 
6 -3 3 6 -2 4 E 13272.801 0.001 
6 4 3 6 3 4 E 17640.184 0.009 
6 -2 4 6 -1 5 E 8002.952 0.001 
6 3 4 6 2 5 E 12478.137 0.002 
6 2 5 6 1 6 E 7401.645 0.000 
7 -4 3 6 -4 2 E 9812.348 0.001 
7 -3 4 6 -3 3 E 9813.679 0.001 
7 -2 5 6 -2 4 E 9817.775 0.004 
7 3 5 6 3 4 E 9814.629 -0.001 
7 -2 5 6 -1 5 E 17820.725 0.002 
7 -1 6 6 -1 5 E 9880.969 0.000 
7 2 6 6 2 5 E 9819.483 -0.001 
7 2 6 6 1 6 E 17221.128 -0.001 
7 0 7 6 0 6 E 9761.391 0.000 
7 1 7 6 1 6 E 9757.867 -0.001 
7 -4 3 7 -3 4 E 18430.562 -0.008 
7 -3 4 7 -2 5 E 13268.705 -0.002 
7 4 4 7 3 5 E 17638.870 0.008 
7 -2 5 7 -1 6 E 7939.755 0.002 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
7 3 5 7 2 6 E 12473.283 0.001 
7 2 6 7 1 7 E 7463.261 0.000 
8 -4 4 7 -4 3 E 11214.218 0.001 
8 -3 5 7 -3 4 E 11215.905 0.000 
8 -2 6 7 -2 5 E 11221.304 -0.001 
8 2 7 7 2 6 E 11223.338 -0.001 
8 -1 7 7 0 7 E 14700.302 0.006 
8 0 8 7 0 7 E 11158.156 0.000 
8 1 8 7 0 7 E 13438.527 -0.002 
8 0 8 7 1 7 E 8860.254 0.003 
8 1 8 7 1 7 E 11140.624 0.000 
8 -3 5 8 -2 6 E 13263.305 -0.002 
8 -2 6 8 -1 7 E 7864.437 0.002 
8 3 6 8 2 7 E 12466.985 0.002 
9 -6 3 8 -6 2 E 12614.475 0.002 
9 -5 4 8 -5 3 E 12615.105 0.001 
9 -4 5 8 -4 4 E 12616.130 0.000 
9 -3 6 8 -3 5 E 12618.242 0.000 
9 -2 7 8 -2 6 E 12625.308 0.000 
9 0 9 8 0 8 E 12554.949 0.001 
9 1 9 8 1 8 E 12523.993 0.000 
9 -3 6 9 -2 7 E 13256.240 -0.001 
9 -2 7 9 -1 8 E 7780.049 0.008 
9 3 7 9 2 8 E 12459.021 -0.001 
10 -7 3 9 -7 2 E 14015.543 -0.001 
10 -6 4 9 -6 3 E 14016.083 0.002 
10 -5 5 9 -5 4 E 14016.841 0.001 
10 -4 6 9 -4 5 E 14018.091 0.001 
10 -3 7 9 -3 6 E 14020.703 0.000 
10 -2 8 9 -2 7 E 14029.903 0.000 
10 -1 9 9 -1 8 E 14119.970 -0.006 
10 2 9 9 2 8 E 14032.028 -0.002 
10 0 10 9 0 9 E 13951.495 0.001 
10 -3 7 10 -2 8 E 13247.039 -0.003 
10 3 8 10 2 9 E 12449.253 -0.001 
11 -4 7 10 -4 6 E 15420.104 0.000 
11 -3 8 10 -3 7 E 15423.304 -0.001 
11 -2 9 10 -2 8 E 15435.247 -0.001 
11 -1 10 10 -1 9 E 15527.573 -0.008 
11 -3 8 11 -2 9 E 13235.096 -0.002 
11 3 9 11 2 10 E 12437.656 -0.001 
12 -4 8 11 -4 7 E 16822.180 0.003 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
12 -3 9 11 -3 8 E 16826.060 -0.001 
12 -2 10 11 -2 9 E 16841.537 -0.001 
12 -3 9 12 -2 10 E 13219.620 -0.001 
12 3 10 12 2 11 E 12424.418 -0.002 
13 -4 9 12 -4 8 E 18224.312 -0.002 
13 -3 10 12 -3 9 E 18228.987 -0.002 
13 -2 11 12 -2 10 E 18249.014 0.000 
13 -3 10 13 -2 11 E 13199.595 -0.001 
13 3 11 13 2 12 E 12410.021 -0.003 
14 -3 11 14 -2 12 E 13173.759 0.001 
14 3 12 14 2 13 E 12395.328 -0.005 
15 -3 12 15 -2 13 E 13140.582 -0.001 
15 3 13 15 2 14 E 12381.657 -0.006 
16 -3 13 16 -2 14 E 13098.337 -0.001 
17 -2 15 16 -3 13 E 10797.598 -0.001 
17 -3 14 17 -2 15 E 13045.192 -0.002 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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Table A.2 The frequency list of rotamer aM of n-propyl acetate fited by BELGI-C1. 
J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
2 1 2 1 0 1 A 9312.763 -0.001 
2 2 0 2 1 1 A 12914.824 -0.002 
2 2 1 2 1 1 A 12909.502 -0.003 
3 2 1 2 2 0 A 7800.404 0.000 
3 2 1 2 1 1 A 20715.227 -0.003 
3 1 2 2 1 1 A 8040.612 0.000 
3 2 2 2 2 1 A 7779.149 0.001 
3 2 2 2 1 1 A 20688.649 -0.004 
3 0 3 2 0 2 A 7757.886 0.000 
3 1 3 2 1 2 A 7511.020 0.000 
3 2 1 3 1 2 A 12674.619 0.001 
3 2 2 3 1 2 A 12648.039 -0.001 
4 3 2 3 3 1 A 10382.513 -0.006 
4 2 2 3 2 1 A 10420.954 0.000 
4 1 3 3 1 2 A 10714.334 0.000 
4 2 3 3 2 2 A 10368.025 -0.001 
4 0 4 3 0 3 A 10319.222 -0.001 
4 1 4 3 1 3 A 10008.684 0.000 
4 0 4 3 1 3 A 6434.110 0.002 
4 2 2 4 1 3 A 12381.239 0.001 
4 2 3 4 1 3 A 12301.733 0.001 
4 1 3 4 0 4 A 5339.513 0.000 
5 4 2 4 4 1 A 12977.001 0.006 
5 3 2 4 3 1 A 12984.523 -0.002 
5 3 3 4 3 2 A 12982.424 0.001 
5 2 3 4 2 2 A 13058.322 0.000 
5 2 4 4 2 3 A 12953.333 0.000 
5 1 4 4 1 3 A 13382.195 0.001 
5 1 5 4 1 4 A 12501.491 0.000 
5 0 5 4 0 4 A 12860.134 0.001 
5 0 5 4 1 4 A 9285.558 0.002 
5 2 3 5 1 4 A 12057.367 0.002 
5 2 3 5 1 4 A 12057.369 0.003 
5 2 4 5 1 4 A 11872.872 0.001 
5 1 4 5 0 5 A 5861.574 0.000 
6 3 3 5 3 2 A 15590.242 -0.001 
6 3 4 5 3 3 A 15584.649 0.000 
6 2 4 5 2 3 A 15715.265 -0.001 
6 2 5 5 2 4 A 15534.184 0.000 
6 1 5 5 1 4 A 16042.342 0.000 
6 1 6 5 1 5 A 14988.581 0.001 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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        
J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
6 0 6 5 0 5 A 15376.942 0.000 
6 0 6 5 1 5 A 12161.009 0.002 
6 2 4 6 1 5 A 11730.292 0.003 
6 2 5 6 1 5 A 11364.713 0.000 
6 1 5 6 0 6 A 6526.977 0.001 
7 2 5 6 2 4 A 18392.867 -0.001 
7 2 6 6 2 5 A 18109.709 0.000 
7 1 6 6 1 5 A 18692.668 0.000 
7 1 7 6 1 6 A 17469.310 0.001 
7 0 7 6 0 6 A 17867.633 0.000 
7 0 7 6 1 6 A 15040.062 0.002 
7 2 5 7 1 6 A 11430.489 0.001 
7 2 6 7 1 6 A 10781.754 0.000 
7 1 6 7 0 7 A 7352.013 0.002 
8 4 4 7 4 3 A 20781.587 -0.006 
8 4 5 7 4 4 A 20781.082 0.003 
8 3 5 7 3 4 A 20820.625 -0.001 
8 3 6 7 3 5 A 20795.694 -0.001 
8 2 6 7 2 5 A 21089.946 -0.001 
8 2 7 7 2 6 A 20679.062 0.000 
8 1 7 7 1 6 A 21330.769 0.000 
8 1 8 7 1 7 A 19943.271 0.000 
8 0 8 7 0 7 A 20332.426 0.000 
8 0 8 7 1 7 A 17903.177 0.001 
8 2 6 8 1 7 A 11189.667 0.001 
8 2 7 8 1 7 A 10130.047 0.000 
8 1 7 8 0 8 A 8350.354 0.000 
9 3 6 8 3 5 A 23449.046 -0.001 
9 3 7 8 3 6 A 23403.727 0.000 
9 2 8 8 2 7 A 23241.430 0.000 
9 1 8 8 1 7 A 23953.925 0.000 
9 1 9 8 1 8 A 22410.300 0.000 
9 0 9 8 0 8 A 22773.939 0.000 
9 0 9 8 1 8 A 20733.845 0.001 
9 2 7 9 1 8 A 11038.611 0.000 
9 1 8 9 0 9 A 9530.339 0.000 
10 1 10 9 1 9 A 24870.461 0.000 
10 0 10 9 1 9 A 23520.280 0.001 
10 2 8 10 1 9 A 11005.462 0.000 
11 1 10 10 1 9 A 29143.233 0.002 
11 2 10 10 2 9 A 28342.244 0.001 
11 0 11 10 0 10 A 27606.329 0.000 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
11 1 11 10 1 10 A 27324.025 -0.001 
11 2 9 11 1 10 A 11114.820 0.000 
12 1 11 11 1 10 A 31703.083 -0.001 
12 2 11 11 2 10 A 30879.403 -0.003 
12 0 12 11 0 11 A 30008.065 -0.001 
12 1 12 11 1 11 A 29771.431 -0.002 
13 1 12 12 1 11 A 34235.984 0.001 
13 0 13 12 0 12 A 32406.301 0.001 
13 1 13 12 1 12 A 32213.243 0.001 
14 1 13 13 1 12 A 36740.112 0.000 
14 0 14 13 0 13 A 34804.067 0.002 
14 1 14 13 1 13 A 34650.089 0.002 
14 1 13 14 0 14 A 17890.392 0.000 
15 0 15 14 0 14 A 37203.149 0.000 
15 1 15 14 1 14 A 37082.626 -0.002 
2 -2 0 2 -1 1 E 13862.828 -0.003 
3 -2 1 2 -2 0 E 7782.948 0.002 
3 -1 2 2 -1 1 E 7900.217 0.001 
3 2 2 2 2 1 E 7786.836 0.002 
3 0 3 2 0 2 E 7711.571 -0.001 
3 1 3 2 1 2 E 7655.685 0.003 
3 -2 1 3 -1 2 E 13745.559 -0.001 
4 -3 1 3 -3 0 E 10371.653 0.002 
4 -2 2 3 -2 1 E 10384.965 0.001 
4 3 2 3 3 1 E 10375.284 -0.002 
4 -1 3 3 -1 2 E 10597.968 -0.002 
4 2 3 3 2 2 E 10391.558 0.001 
4 0 4 3 0 3 E 10268.451 -0.001 
4 1 4 3 1 3 E 10119.547 0.008 
4 -2 2 4 -1 3 E 13532.555 0.001 
5 -3 2 4 -3 1 E 12969.132 0.001 
5 3 3 4 3 2 E 12974.397 0.000 
5 -1 4 4 -1 3 E 13289.782 0.003 
5 0 5 4 0 4 E 12810.660 0.000 
5 1 5 4 1 4 E 12572.613 0.004 
5 0 5 4 1 4 E 9455.601 0.001 
5 -2 3 5 -1 4 E 13237.240 0.001 
6 -3 3 5 -3 2 E 15569.682 0.001 
6 3 4 5 3 3 E 15577.071 -0.001 
6 -1 5 5 -1 4 E 15959.221 0.001 
6 0 6 5 0 5 E 15332.982 0.000 
6 1 6 5 1 5 E 15030.201 0.001 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
6 0 6 5 1 5 E 12215.971 -0.002 
6 -2 4 6 -1 5 E 12893.160 0.001 
7 -1 6 6 -1 5 E 18605.696 0.001 
7 0 7 6 0 6 E 17831.241 -0.001 
7 1 7 6 1 6 E 17492.736 0.000 
7 0 7 6 1 6 E 15017.011 -0.002 
7 -2 5 7 -1 6 E 12540.073 0.001 
8 3 6 7 3 5 E 20796.167 -0.002 
8 -1 7 7 -1 6 E 21233.010 0.001 
8 0 8 7 0 7 E 20303.295 -0.001 
8 1 8 7 1 7 E 19956.916 -0.006 
8 0 8 7 1 7 E 17827.571 -0.003 
8 -2 6 8 -1 7 E 12221.356 0.001 
9 -1 8 8 -1 7 E 23844.422 0.004 
9 2 8 8 2 7 E 23413.248 0.001 
9 0 9 8 0 8 E 22749.651 -0.001 
9 1 9 8 1 8 E 22420.238 -0.004 
9 0 9 8 1 8 E 20620.303 -0.001 
9 -2 7 9 -1 8 E 11983.628 0.000 
10 0 10 9 1 9 E 23373.437 0.001 
10 -2 8 10 -1 9 E 11871.476 0.000 
11 -2 9 11 -1 10 E 11917.943 -0.001 
12 -2 10 12 -1 11 E 12139.564 0.000 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
 
 
Table A.3 The frequency list of rotamer aPa of n-butyl acetate fited by BELGI-C1. 
J' Ka' Kc' J Ka Kc S
a)
 obs.
b) c)
2 2 0 2 1 1 A 12165.721 -0.003 
2 2 1 2 1 1 A 12164.448 -0.007 
2 2 0 2 1 2 A 12415.538 -0.001 
2 2 1 2 1 2 A 12414.262 -0.008 
3 2 1 3 1 2 A 12046.721 -0.004 
3 2 2 3 1 2 A 12040.375 -0.005 
3 2 1 3 1 3 A 12546.339 -0.001 
3 2 2 3 1 3 A 12539.997 0.001 
4 1 3 3 0 3 A 10988.529 -0.007 
4 1 4 3 0 3 A 10155.911 -0.002 
4 2 2 4 1 3 A 11894.489 -0.001 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b) c)
4 2 3 4 1 3 A 11875.469 -0.002 
4 2 2 4 1 4 A 12727.114 -0.001 
4 2 3 4 1 4 A 12708.094 -0.001 
5 1 4 4 0 4 A 12821.853 -0.008 
5 1 5 4 0 4 A 11573.142 -0.003 
5 2 3 5 1 4 A 11714.530 0.001 
5 2 4 5 1 4 A 11670.213 0.000 
5 2 3 5 1 5 A 12963.245 0.001 
5 2 4 5 1 5 A 12918.926 -0.003 
6 1 5 5 0 5 A 14704.603 -0.008 
6 1 6 5 0 5 A 12956.962 -0.003 
6 2 4 6 1 5 A 11513.674 0.001 
6 2 5 6 1 5 A 11425.265 0.004 
6 2 4 6 1 6 A 13261.317 -0.001 
6 2 5 6 1 6 A 13172.907 0.000 
7 0 7 6 0 6 A 11256.891 0.006 
7 1 6 6 1 5 A 11601.047 0.005 
7 1 7 6 1 6 A 11019.706 0.008 
7 2 5 6 2 4 A 11387.367 0.005 
7 2 6 6 2 5 A 11317.255 0.007 
7 3 4 6 3 3 A 11338.566 0.005 
7 3 5 6 3 4 A 11337.048 0.009 
7 4 3 6 4 2 A 11333.741 0.002 
7 5 2 6 5 1 A 11332.151 0.008 
7 2 5 7 1 6 A 11299.995 0.002 
7 2 6 7 1 6 A 11141.472 0.003 
7 2 6 7 1 7 A 13470.455 -0.002 
8 0 8 7 0 7 A 12840.886 0.005 
8 0 8 7 1 7 A 9785.921 0.014 
8 1 7 7 1 6 A 13251.262 0.005 
8 1 8 7 1 7 A 12588.184 0.005 
8 2 6 7 2 5 A 13033.905 0.006 
8 2 7 7 2 6 A 12929.724 0.006 
8 3 5 7 3 4 A 12962.136 0.005 
8 3 6 7 3 5 A 12959.103 0.007 
8 2 6 8 1 7 A 11082.635 0.000 
8 2 7 8 1 7 A 10819.932 0.003 
8 2 6 8 1 8 A 14074.705 0.002 
9 0 9 8 1 8 A 11613.966 0.013 
9 2 7 9 1 8 A 10871.581 0.003 
9 2 8 9 1 8 A 10462.025 0.005 
10 0 10 9 1 9 A 13442.091 0.010 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b) c)
10 2 8 10 1 9 A 10677.327 0.002 
10 2 9 10 1 9 A 10069.460 0.003 
11 0 11 10 1 9 A 10704.852 0.004 
11 2 9 11 1 10 A 10510.534 0.000 
12 0 12 11 1 10 A 11613.966 -0.027 
12 1 11 11 2 10 A 10171.254 -0.006 
12 2 10 12 1 11 A 10381.651 -0.001 
13 1 12 12 2 11 A 12255.192 -0.015 
13 2 11 13 1 12 A 10300.592 0.000 
14 1 13 13 2 12 A 14359.745 -0.012 
14 2 12 14 1 13 A 10276.508 0.001 
15 2 13 15 1 14 A 10317.686 0.003 
16 2 14 16 1 15 A 10431.541 0.006 
2 2 1 2 1 2 E 11668.593 -0.017 
3 -1 2 2 0 2 E 9612.343 0.008 
3 -2 1 3 -1 2 E 12767.800 0.018 
3 2 2 3 -1 2 E 10427.241 0.000 
3 2 2 3 1 3 E 11709.224 -0.010 
4 -1 3 3 0 3 E 11348.532 0.005 
4 1 4 3 0 3 E 9888.386 -0.006 
4 -2 2 4 -1 3 E 12681.047 -0.011 
4 2 3 4 -1 3 E 10342.167 0.001 
4 2 3 4 1 4 E 11802.314 0.011 
5 -1 4 4 0 4 E 13150.094 0.001 
5 1 5 4 0 4 E 11396.704 -0.004 
5 -2 3 5 -1 4 E 12545.036 -0.009 
5 2 4 5 -1 4 E 10208.565 0.003 
5 2 4 5 1 5 E 11961.952 0.005 
6 1 6 5 0 5 E 12855.531 -0.002 
6 -2 4 6 -1 5 E 12364.633 0.000 
6 2 5 6 -1 5 E 10031.012 0.004 
6 2 5 6 1 6 E 12192.776 0.005 
7 -6 1 6 -6 0 E 11321.838 -0.003 
7 -5 2 6 -5 1 E 11322.797 0.001 
7 -3 4 6 -3 3 E 11329.366 0.002 
7 4 4 6 4 3 E 11326.904 -0.001 
7 -2 5 6 -2 4 E 11346.879 0.002 
7 3 5 6 3 4 E 11331.799 -0.001 
7 2 6 6 2 5 E 11348.881 -0.008 
7 -1 6 6 -1 5 E 11560.798 0.002 
7 1 7 6 1 6 E 11047.228 0.003 
7 0 7 6 0 6 E 11224.822 0.003 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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J' Ka' Kc' J Ka Kc S
a)
 obs.
b) c)
7 -2 5 7 -1 6 E 12150.713 0.000 
7 2 6 7 1 7 E 12494.437 0.002 
8 -5 3 7 -5 2 E 12941.282 -0.002 
8 -4 4 7 -4 3 E 12944.117 -0.001 
8 5 4 7 5 3 E 12944.035 0.002 
8 -3 5 7 -3 4 E 12950.781 0.003 
8 4 5 7 4 4 E 12946.701 -0.001 
8 -2 6 7 -2 5 E 12978.011 0.001 
8 3 6 7 3 5 E 12953.910 0.000 
8 2 7 7 2 6 E 12975.976 -0.001 
8 -1 7 7 -1 6 E 13212.679 0.002 
8 1 8 7 1 7 E 12605.044 0.003 
8 0 8 7 0 7 E 12811.324 0.001 
8 0 8 7 1 7 E 9765.073 0.003 
8 -2 6 8 -1 7 E 11916.048 0.002 
8 2 7 8 1 8 E 12865.372 -0.001 
9 0 9 8 1 8 E 11550.154 0.001 
9 -2 7 9 -1 8 E 11674.070 0.000 
9 2 8 9 1 9 E 13303.482 -0.002 
10 0 10 9 -1 8 E 9370.684 0.004 
10 0 10 9 1 9 E 13346.161 -0.003 
10 -2 8 10 -1 9 E 11439.146 0.000 
10 2 9 10 1 10 E 13805.309 -0.001 
11 0 11 10 -1 9 E 10397.869 0.001 
11 -2 9 11 -1 10 E 11226.892 -0.002 
12 -1 11 11 2 10 E 10977.846 0.002 
12 0 12 11 -1 10 E 11345.537 -0.002 
12 -2 10 12 -1 11 E 11053.748 -0.002 
13 -1 12 12 -2 10 E 10323.071 -0.001 
13 -1 12 12 2 11 E 12902.216 -0.003 
13 -2 11 13 -1 12 E 10935.415 0.000 
14 -1 13 13 -2 11 E 12059.601 -0.003 
14 -1 13 14 0 14 E 10005.412 0.000 
15 -1 14 15 0 15 E 10926.877 0.001 
16 -1 15 16 0 16 E 11930.313 -0.001 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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Table A.4 The frequency list of methyl acetate fited by BELGI-CS-2tops. 
     OBS-
CALC 
    
  
  
 
 
  
  
 
J’ K’A K’C P  J KA KC P OBSERVED(UNC) CALC. SYM E' E''  
1 0 1 +  0 0 0 + 7253.536 ( 4 ) 7253.537 -0.001 A 100.1870  99.9450  
2 0 2 +  1 0 1 + 14373.945 ( 4 ) 14373.945 0.000 A 100.6654 100.1870 
4 0 4 +  3 0 3 + 27785.748 ( 4 ) 27785.745 0.003 A 102.3018 101.3749 
5 0 5 +  4 0 4 + 34044.075 ( 4 ) 34044.073 0.003 A 103.4374 102.3018 
10 0 10 +  9 0 9 + 64434.578 ( 40 ) 64434.585 -0.007 A 112.1536 110.0043 
11 0 11 +  10 0 10 + 70563.797 ( 40 ) 70563.812 -0.015 A 114.5074 112.1536 
                 
1 1 1 +  0 0 0 + 13484.540 ( 4 ) 13484.533 0.007 A 100.3948  99.9450 
2 1 2 +  1 0 1 + 19638.256 ( 4 ) 19638.254 0.002 A 100.8420 100.1870 
3 1 3 +  2 0 2 + 25296.469 ( 4 ) 25296.468 0.002 A 101.5102 100.6664 
4 1 4 +  3 0 3 + 30631.925 ( 4 ) 30631.921 0.005 A 102.3967 101.3749 
5 1 5 +  4 0 4 + 35877.805 ( 4 ) 35877.802 0.004 A 103.4985 102.3018 
10 1 10 +  9 0 9 + 64530.629 ( 40 ) 64530.597 0.032 A 112.1568 110.0043 
11 1 11 +  10 0 10 + 70613.094 ( 40 ) 70613.069 0.025 A 114.5090 112.1536 
12 1 12 +  11 0 11 + 76728.195 ( 40 ) 76728.221 -0.026 A 117.0067 114.5074 
                 
1 1 0 -  1 0 1 + 7330.719 ( 4 ) 7330.712 0.007 A 100.4315 100.1870 
2 1 1 -  2 0 2 + 8563.452 ( 4 ) 8563.446 0.006 A 100.9521 100.6664 
3 1 2 -  3 0 3 + 10644.001 ( 4 ) 10643.997 0.003 A 101.7300 101.3749 
4 1 3 -  4 0 4 + 13772.629 ( 4 ) 13772.625 0.003 A 102.7612 102.3018 
5 1 4 -  5 0 5 + 18051.570 ( 4 ) 18051.566 0.004 A 104.0395 103.4374 
6 1 5 -  6 0 6 + 23387.025 ( 4 ) 23387.022 0.003 A 105.5562 104.7761 
7 1 6 -  7 0 7 + 29494.840 ( 4 ) 29494.843 -0.003 A 107.3003 106.3165 
8 1 7 -  8 0 8 + 36001.365 ( 4 ) 36001.370 -0.005 A 109.2597 108.0589 
12 1 11 -  12 0 12 + 61321.883 ( 40 ) 61321.855 0.028 A 119.1114 117.0659 
13 1 12 -  13 0 13 + 67255.406 ( 40 ) 67255.412 -0.006 A 122.0728 119.8294 
14 1 13 -  14 0 14 + 73100.620 ( 40 ) 73100.625 -0.005 A 125.2364 122.7981 
                 
2 2 1 -  1 1 0 - 34297.623 ( 4 ) 34297.618 0.005 A 101.5755 100.4315 
7 2 6 -  6 1 5 - 59991.500 ( 40 ) 59991.474 0.026 A 107.5573 105.5562 
8 2 7 -  7 1 6 - 64177.430 ( 40 ) 64177.410 0.020 A 109.4410 107.3003 
9 2 8 -  8 1 7 - 68492.242 ( 40 ) 68492.226 0.016 A 111.5444 109.2597 
10 2 9 -  9 1 8 - 73124.289 ( 40 ) 73124.282 0.007 A 113.8636 111.4244 
11 2 10 -  10 1 9 - 78151.578 ( 40 ) 78151.607 -0.029 A 116.3954 113.7885 
                 
2 2 0 +  1 1 1 + 35530.446 ( 4 ) 35530.444 0.002 A 101.5800 100.3948 
5 2 3 +  4 1 4 + 66121.164 ( 40 ) 66121.133 0.031 A 104.6023 102.3967 
                 
2 2 1 -  2 1 2 + 21990.078 ( 4 ) 21990.077 0.001 A 101.5755 100.8420 
3 2 2 -  3 1 3 + 23717.938 ( 4 ) 23717.933 0.005 A 102.3014 101.5102 
5 2 4 -  5 1 5 + 28990.762 ( 4 ) 28990.757 0.005 A 104.4656 103.4985 
6 2 5 -  6 1 6 + 32513.939 ( 4 ) 32513.937 0.002 A 105.8974 104.8129 
7 2 6 -  7 1 7 + 36571.838 ( 4 ) 36571.841 -0.002 A 107.5573 106.3374 
14 2 13 -  14 1 14 + 73332.883 ( 40 ) 73332.989 -0.106 A 125.2444 122.7983 
                 
2 2 0 +  2 1 1 - 18824.057 ( 4 ) 18824.049 0.009 A 101.5800 101.9521 
3 2 1 +  3 1 2 - 17782.948 ( 4 ) 17782.947 0.002 A 102.3232 101.7300 
4 2 2 +  4 1 3 - 17005.514 ( 4 ) 17005.513 0.001 A 103.3284 102.7612 
5 2 3 +  5 1 4 - 16871.672 ( 4 ) 16871.671 0.002 A 104.6023 104.0395 
6 2 4 +  6 1 5 - 17690.111 ( 4 ) 17690.110 0.001 A 106.1463 105.5562 
7 2 5 +  7 1 6 - 19687.663 ( 4 ) 19687.660 0.002 A 107.9570 107.3003 
8 2 6 +  8 1 7 - 23010.307 (  4 ) 23010.307 0.000 A 110.0273 109.2597 
9 2 7 +  9 1 8 - 27673.241 ( 4 ) 27673.245 -0.005 A 112.3475 111.4244 
14 2 12 +  14 1 13 - 61079.352 ( 40 ) 61079.347 0.005 A 127.2738 125.2364 
15 2 13 +  15 1 14 - 67654.016 ( 40 ) 67654.056 -0.040 A 130.8600 128.6033 
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J’ K’A K’C P  J KA KC P OBSERVED(UNC) CALC. SYM E' E''  
1 0 1   0 0 0  7192.116 ( 4 ) 7192.116 0.000 E1 101.3346 101.0947 
1 0 1   0 0 0  7253.486 ( 4 ) 7253.488 -0.001 E2 100.1970  99.9551 
1 0 1   0 0 0  7192.834 ( 4 ) 7192.833 0.000 E3 101.3446 101.1047 
1 0 1   0 0 0  7191.242 ( 4 ) 7191.241 0.001 E4 101.3448 101.1049 
2 0 2   1 0 1  14280.027 ( 4 ) 14280.024 0.002 E1 101.8110 101.3346 
2 0 2   1 0 1  14373.814 ( 4 ) 14373.813 0.000 E2 100.6765 100.1970 
2 0 2   1 0 1  14280.948 ( 4 ) 14280.948 -0.001 E3 101.8210 101.3446 
2 0 2   1 0 1  14278.781 ( 4 ) 14278.781 0.000 E4 101.8210 101.3448 
4 0 4   3 0 3  27689.558 ( 4 ) 27689.559 0.000 E1 103.4398 102.5162 
4 0 4   3 0 3  27785.302 ( 4 ) 27785.303 -0.001 E2 102.3118 101.3850 
4 0 4   3 0 3  27689.807 ( 4 ) 27689.808 -0.001 E3 103.4498 102.5262 
4 0 4   3 0 3  27688.456 ( 4 ) 27688.458 -0.002 E4 103.4498 102.5262 
5 0 5   4 0 4  34043.478 ( 4 ) 34043.483 -0.005 E2 103.4474 102.3118 
10 0 10   9 0 9  64376.602 ( 40 ) 64376.635 -0.033 E3 113.2861 111.1387 
10 0 10   9 0 9  64376.602 ( 40 ) 64376.565 0.037 E4 113.2860 111.1386 
10 0 10   9 0 9  64377.070 ( 40 ) 64377.055 0.015 E1 113.2761 111.1288 
10 0 10   9 0 9  64434.086 ( 40 ) 64434.103 -0.017 E2 112.1635 110.0142 
11 0 11   10 0 10  70510.391 ( 40 ) 70510.370 0.021 E1 115.6281 113.2761 
11 0 11   10 0 10  70563.336 ( 40 ) 70563.367 -0.031 E2 114.5173 112.1635 
11 0 11   10 0 10  70509.945 ( 40 ) 70509.957 -0.012 E3 115.6381 113.2861 
11 0 11   10 0 10  70509.945 ( 40 ) 70509.937 0.008 E4 115.6379 113.2860 
12 0 12   11 0 11  76652.469 ( 40 ) 76652.491 -0.022 E1 118.1850 115.6281 
12 0 12   11 0 11  76652.078 ( 40 ) 76652.090 -0.012 E3 118.1949 115.6381 
12 0 12   11 0 11  76652.078 ( 40 ) 76652.095 -0.017 E4 118.1948 115.6379 
                 
1 -1 0   0 0 0  16413.950 ( 4 ) 16413.949 0.001 E1 101.6423 101.0947 
1 -1 0   0 0 0  16389.622 ( 4 ) 16389.620 0.002 E3 101.6514 101.1047 
1 -1 0   0 0 0  16432.144 ( 4 ) 16432.144 0.000 E4 101.6530 101.1049 
2 -1 1   1 0 1  24158.123 ( 4 ) 24158.125 -0.002 E1 102.1405 101.3346 
2 -1 1   1 0 1  24135.829 ( 4 ) 24135.832 -0.003 E3 102.1497 101.3446 
2 -1 1   1 0 1  24174.411 ( 4 ) 24174.412 -0.001 E4 102.1511 101.3448 
6 -1 5   5 0 5  63437.543 ( 40 ) 63437.490 0.053 E1 106.6883 104.5722 
6 -1 5   5 0 5  63439.406 ( 40 ) 63439.315 0.091 E4 106.6983 104.5822 
7 -1 6   6 0 6  75370.430 ( 40 ) 75370.441 -0.011 E3 108.4320 105.9179 
                 
1 -1 0   1 0 1  7328.692 ( 4 ) 7328.686 0.006 E2 100.4415 100.1970 
1 -1 0   1 0 1  9196.788 ( 4 ) 9196.787 0.001 E3 101.6514 101.3446 
1 -1 0   1 0 1  9221.836 ( 4 ) 9221.833 0.003 E1 101.6423 101.3346 
1 -1 0   1 0 1  9240.901 ( 4 ) 9240.903 -0.002 E4 101.6530 101.3448 
2 -1 1   2 0 2  8561.100 ( 4 ) 8561.096 0.004 E2 100.9621 100.6765 
2 -1 1   2 0 2  9854.881 ( 4 ) 9854.883 -0.002 E3 102.1497 101.8210 
2 -1 1   2 0 2  9878.098 ( 4 ) 9878.101 -0.002 E1 102.1405 101.8110 
2 -1 1   2 0 2  9895.630 ( 4 ) 9895.632 -0.002 E4 102.1511 101.8210 
3 -1 2   3 0 3  11485.345 ( 4 ) 11485.348 -0.003 
2 
E3 102.9093 102.5262 
3 -1 2   3 0 3  10641.587 ( 4 ) 10641.581 0.006 E2 101.7400 101.3850 
3 -1 2   3 0 3  11504.491 ( 4 ) 11504.496 -0.005 E1 102.8999 102.5162 
3 -1 2   3 0 3  11518.283 ( 4 ) 11518.284 -0.001 E4 102.9104 102.5262 
4 -1 3   4 0 4  13770.225 ( 4 ) 13770.223 0.002 E2 102.7711 102.3118 
4 -1 3   4 0 4  14287.395 ( 4 ) 14287.397 -0.002 E3 103.9264 103.4498 
4 -1 3   4 0 4  14302.319 ( 4 ) 14302.323 -0.004 E1 103.9169 103.4398 
4 -1 3   4 0 4  14312.055 ( 4 ) 14312.055 -0.001 E4 103.9272 103.4498 
5 -1 4   5 0 5  18049.145 ( 4 ) 18049.139 0.006 E2 104.0494 103.4474 
5 -1 4   5 0 5  18293.103 ( 4 ) 18293.105 -0.002 E3 105.1924 104.5822 
5 -1 4   5 0 5  18304.387 ( 4 ) 18304.387 0.000 E1 105.1828 104.5722 
5 -1 4   5 0 5  18310.403 ( 4 ) 18310.403 0.000 E4 105.1929 104.5822 
6 -1 5   6 0 6  23394.067 ( 4 ) 23394.065 0.002 E1 106.6883 105.9079 
6 -1 5   6 0 6  23384.367 ( 4 ) 23384.361 0.006 E2 105.5662 104.7861 
6 -1 5   6 0 6  23385.473 ( 4 ) 23385.477 -0.004 E3 106.6980 105.9179 
6 -1 5   6 0 6  23396.884 ( 4 ) 23396.885 -0.001 E4 106.6983 105.9178 
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J’ K’A K’C P  J KA KC P OBSERVED(UNC) CALC. SYM E' E''  
7 -1 6   7 0 7  29282.677 ( 4 ) 29282.678 -0.001 E1 108.4223 107.4455 
7 -1 6   7 0 7  29491.579 ( 4 ) 29491.573 0.006 E2 107.3102 106.3265 
7 -1 6   7 0 7  29275.562 ( 4 ) 29275.567 -0.005 E3 108.4320 107.4555 
7 -1 6   7 0 7  29282.838 ( 4 ) 29282.837 0.001 E4 108.4322 107.4554 
8 -1 7   8 0 8  35586.264 ( 4 ) 35586.265 -0.001 E1 110.3725 109.1855 
8 -1 7   8 0 8  35997.061 ( 4 ) 35997.063 -0.002 E2 109.2696 108.0688 
8 -1 7   8 0 8  35579.491 ( 4 ) 35579.501 -0.010 E3 110.3823 109.1954 
8 -1 7   8 0 8  35584.094 ( 4 ) 35584.096 -0.002 E4 110.3823 109.1953 
12 -1 11   12 0 12  60182.664 ( 40 ) 60182.614 0.050 E1 120.1924 118.1850 
12 -1 11   12 0 12  61311.672 ( 40 ) 61311.642 0.030 E2 119.1209 117.0758 
12 -1 11   12 0 12  60172.672 ( 40 ) 60172.494 0.178 E3 120.2020 118.1949 * 
12 -1 11   12 0 12  60172.672 ( 40 ) 60172.698 -0.026 E4 120.2019 118.1948 
13 -1 12   13 0 13  65971.070 ( 40 ) 65971.010 0.060 E1 123.1474 120.9469 
13 -1 12   13 0 13  67243.844 ( 40 ) 67243.845 -0.001 E2 122.0823 119.8393 
13 -1 12   13 0 13  65959.773 ( 40 ) 65959.762 0.011 E3 123.1570 120.9568 
13 -1 12   13 0 13  65959.773 ( 40 ) 65959.677 0.096 E4 123.1568 120.9567 
14 -1 13   14 0 14  71682.375 ( 40 ) 71682.305 0.070 E1 126.3050 123.9139 
14 -1 13   14 0 14  73087.750 ( 40 ) 73087.790 -0.040 E2 125.2459 122.8079 
14 -1 13   14 0 14  71669.930 ( 40 ) 71669.919 0.011 E3 126.3145 123.9238 
15 -1 14   15 0 15  77344.750 ( 40 ) 77344.693 0.057 E1 129.6660 127.0861 
                 
1 1 1   0 0 0  11223.197 ( 4 ) 11223.200 -0.003 E1 101.4691 101.0947 
1 1 1   0 0 0  13481.620 ( 4 ) 13481.617 0.002 E2 100.4048  99.9551 
1 1 1   0 0 0  11200.997 ( 4 ) 11200.997 0.000 E4 101.4785 101.1049 
1 1 1   0 0 0  11242.140 ( 4 ) 11242.143 -0.003 E3 101.4797 101.1047 
2 1 2   1 0 1  18098.914 ( 4 ) 18098.919 -0.005 E1 101.9384 101.3346 
2 1 2   1 0 1  19635.652 ( 4 ) 19635.653 -0.001 E2 100.8520 100.1970 
2 1 2   1 0 1  18113.695 ( 4 ) 18113.700 -0.005 E3 101.9488 101.3446 
2 1 2   1 0 1  18080.680 ( 4 ) 18080.682 -0.002 E4 101.9479 101.3448 
3 1 3   2 0 2  25294.001 ( 4 ) 25294.003 -0.002 E2 101.5202 100.6765 
3 1 3   2 0 2  24307.319 ( 4 ) 24307.322 -0.003 E4 102.6318 101.8210 
3 1 3   2 0 2  24320.049 ( 4 ) 24320.052 -0.004 E1 102.6222 101.8110 
3 1 3   2 0 2  24329.116 ( 4 ) 24329.121 -0.005 E3 102.6325 101.8210 
4 1 4   3 0 3  29999.554 ( 4 ) 29999.557 -0.003 E1 103.5169 102.5162 
4 1 4   3 0 3  30629.632 ( 4 ) 30629.633 -0.001 E2 102.4067 101.3850 
4 1 4   3 0 3  30004.321 ( 4 ) 30004.325 -0.004 E3 103.5270 102.5262 
4 1 4   3 0 3  29991.148 ( 4 ) 29991.152 -0.005 E4 103.5266 102.5262 
5 1 5   4 0 4  35452.042 ( 4 ) 35452.045 -0.003 E1 104.6224 103.4398 
5 1 5   4 0 4  35875.787 ( 4 ) 35875.791 -0.004 E2 103.5085 102.3118 
5 1 5   4 0 4  35446.458 ( 4 ) 35446.462 -0.004 E4 104.6322 103.4498 
5 1 5   4 0 4  35454.306 ( 4 ) 35454.312 -0.006 E3 104.6325 103.4498 
10 1 10   9 0 9  64452.758 ( 40 ) 64452.698 0.060 E4 113.2885 111.1386 
10 1 10   9 0 9  64453.105 ( 40 ) 64453.067 0.038 E3 113.2887 111.1387 
10 1 10   9 0 9  64453.477 ( 40 ) 64453.444 0.033 E1 113.2787 111.1288 
10 1 10   9 0 9  64529.996 ( 40 ) 64529.977 0.019 E2 112.1667 110.0142 
11 1 11   10 0 10  70549.289 ( 40 ) 70549.267 0.022 E1 115.6294 113.2761 
11 1 11   10 0 10  70612.547 ( 40 ) 70612.547 0.000 E2 114.5189 112.1635 
11 1 11   10 0 10  70548.828 ( 40 ) 70548.869 -0.041 E3 115.6394 113.2861 
11 1 11   10 0 10  70548.828 ( 40 ) 70548.701 0.127 E4 115.6392 113.2860 * 
12 1 12   11 0 11  76672.031 ( 40 ) 76672.028 0.003 E1 118.1856 115.6281 
12 1 12   11 0 11  76727.711 ( 40 ) 76727.762 -0.051 E2 117.0766 114.5173 
12 1 12   11 0 11  76671.602 ( 40 ) 76671.632 -0.030 E3 118.1956 115.6381 
12 1 12   11 0 11  76671.602 ( 40 ) 76671.564 0.038 E4 118.1954 115.6379 
                 
6 6 0 +  6 5 1 - 74168.258 ( 40 ) 74168.229 0.029 A 113.1662 110.6923 
7 6 1 +  7 5 2 - 74062.883 ( 40 ) 74062.873 0.010 A 114.8720 112.4015 
8 6 2 +  8 5 3 - 73903.469 ( 40 ) 73903.453 0.016 A 116.8240 114.3589 
9 6 3 +  9 5 4 - 73668.670 ( 40 ) 73668.663 0.007 A 119.0233 116.5660 
10 6 4 +  10 5 5 - 73326.734 ( 40 ) 73326.714 0.020 A 121.4711 119.0252 
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J’ K’A K’C P  J KA KC P OBSERVED(UNC) CALC. SYM E' E''  
11 6 5 +  11 5 6 - 72828.594 ( 40 ) 72828.577 0.017 A 124.1687 121.7394 
12 6 6 +  12 5 7 - 72099.234 ( 40 ) 72099.212 0.022 A 127.1180 124.7130 
13 6 7 +  13 5 8 - 71029.906 ( 40 ) 71029.901 0.005 A 130.3208 127.9515 
14 6 8 +  14 5 9 - 69480.422 ( 40 ) 69480.397 0.025 A 133.7800 131.4623 
15 6 9 +  15 5 10 - 67306.852 ( 40 ) 67306.815 0.037 A 137.4989 135.2538 
                 
6 6 1 -  6 5 2 + 74168.617 ( 40 ) 74168.629 -0.012 A 113.1662 110.6922 
7 6 2 -  7 5 3 + 74065.250 ( 40 ) 74065.245 0.005 A 114.8720 112.4015 
8 6 3 -  8 5 4 + 73913.539 ( 40 ) 73913.559 -0.020 A 116.8240 114.3585 
9 6 4 -  9 5 5 + 73703.240 ( 40 ) 73703.243 -0.003 A 119.0233 116.5648 
10 6 5 -  10 5 6 + 73427.437 ( 40 ) 73427.423 0.014 A 121.4710 119.0217 
11 6 6 -  11 5 7 + 73086.961 ( 40 ) 73086.952 0.009 A 124.1684 121.7304 
12 6 7 -  12 5 8 + 72696.000 ( 40 ) 72695.990 0.010 A 127.1168 124.6920 
13 6 8 -  13 5 9 + 72287.906 ( 40 ) 72287.894 0.012 A 130.3178 127.9065 
14 6 9 -  14 5 10 + 71919.742 ( 40 ) 71919.673 0.069 A 133.7726 131.3736 
                 
6 6 1   6 5 2  69737.273 ( 40 ) 69737.357 -0.084 E4 113.5843 111.2581 
6 6 1   6 5 2  69772.281 ( 40 ) 69772.374 -0.093 E3 113.5920 111.2647 
6 6 1   6 5 2  69778.336 ( 40 ) 69778.438 -0.102 E1 113.5807 111.2532 
6 6 1   6 5 2  74126.500 ( 40 ) 74126.446 0.054 E2 113.1694 110.6969 
7 6 2   7 5 3  69625.586 ( 40 ) 69625.663 -0.077 E4 115.2901 112.9677 
7 6 2   7 5 3  69660.836 ( 40 ) 69660.922 -0.086 E3 115.2979 112.9742 
7 6 2   7 5 3  69666.758 ( 40 ) 69666.869 -0.111 E1 115.2866 112.9627 
8 6 3   8 5 4  69456.008 ( 40 ) 69456.065 -0.057 E4 117.2424 114.9256 
8 6 3   8 5 4  69491.641 ( 40 ) 69491.702 -0.061 E3 117.2502 114.9322 
8 6 3   8 5 4  69497.391 ( 40 ) 69497.477 -0.086 E1 117.2389 114.9207 
8 6 3   8 5 4  73866.469 ( 40 ) 73866.440 0.029 E2 116.8272 114.3633 
9 6 4   9 5 5  73645.109 ( 40 ) 73645.073 0.036 E2 119.0265 116.5700 
9 6 4   9 5 5  69209.781 ( 40 ) 69209.798 -0.017 E4 119.4424 117.1338 
9 6 4   9 5 5  69246.000 ( 40 ) 69246.002 -0.002 E3 119.4501 117.1403 
9 6 4   9 5 5  69251.477 ( 40 ) 69251.529 -0.052 E1 119.4388 117.1288 
10 6 5   10 5 6  68863.344 ( 40 ) 68863.379 -0.035 E4 121.8912 119.5942 
10 6 5   10 5 6  68900.391 ( 40 ) 68900.422 -0.031 E3 121.8989 119.6006 
10 6 5   10 5 6  68905.555 ( 40 ) 68905.592 -0.037 E1 121.8876 119.5892 
10 6 5   10 5 6  73346.984 ( 40 ) 73346.950 0.034 E2 121.4743 119.0277 
11 6 6   11 5 7  68429.766 ( 40 ) 68429.795 -0.029 E1 124.5868 122.3042 
11 6 6   11 5 7  72982.414 ( 40 ) 72982.428 -0.014 E2 124.1718 121.7374 
11 6 6   11 5 7  68425.133 ( 40 ) 68425.147 -0.014 E3 124.5980 122.3156 
11 6 6   11 5 7  68386.820 ( 40 ) 68386.849 -0.029 E4 124.5904 122.3093 
12 6 7   12 5 8  67786.789 ( 40 ) 67786.807 -0.018 E1 127.5380 125.2769 
12 6 7   12 5 8  72584.570 ( 40 ) 72584.603 -0.033 E2 127.1207 124.6995 
12 6 7   12 5 8  67782.969 ( 40 ) 67782.965 0.004 E3 127.5492 125.2882 
12 6 7   12 5 8  67742.742 ( 40 ) 67742.731 0.011 E4 127.5416 125.2820 
13 6 8   13 5 9  66937.047 ( 40 ) 66937.038 0.009 E1 130.7432 128.5104 
13 6 8   13 5 9  72190.516 ( 40 ) 72190.579 -0.063 E2 130.3224 127.9143 
13 6 8   13 5 9  66934.570 ( 40 ) 66934.554 0.016 E3 130.7543 128.5216 
13 6 8   13 5 9  66891.148 ( 40 ) 66891.172 -0.024 E4 130.7469 128.5156 
14 6 9   14 5 10  65865.047 ( 40 ) 65865.013 0.034 E1 134.2046 132.0076 
14 6 9   14 5 10  71849.367 ( 40 ) 71849.453 -0.086 E2 133.7782 131.3815 
14 6 9   14 5 10  65865.047 ( 40 ) 65865.042 0.005 E3 134.2157 132.0187 
14 6 9   14 5 10  65816.289 ( 40 ) 65816.267 0.022 E4 134.2084 132.0130 
15 6 10   15 5 11  64650.246 ( 40 ) 64650.218 0.028 E1 137.9249 135.7684 
15 6 10   15 5 11  71625.859 ( 40 ) 71625.894 -0.035 E2 137.4887 135.0996 
16 6 11   16 5 12  63576.113 ( 40 ) 63576.097 0.016 E1 141.9072 139.7865 
16 6 11   16 5 12  71615.727 ( 40 ) 71615.731 -0.004 E2 141.4546 139.0658 
16 6 11   16 5 12  63589.770 ( 40 ) 63589.696 0.074 E3 141.9181 139.7970 
16 6 11   16 5 12  63516.125 ( 40 ) 63516.056 0.069 E4 141.9111 139.7924 
17 6 12   17 5 13  63156.750 ( 40 ) 63156.691 0.059 E1 146.1545 144.0478 
17 6 12   17 5 13  63088.457 ( 40 ) 63088.488 -0.031 E4 146.1585 144.0541 * 
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J’ K’A K’C P  J KA KC P OBSERVED(UNC) CALC. SYM E' E''  
18 6 13   18 5 14  63915.078 ( 40 ) 63915.016 0.062 E1 150.6688 148.5369 
19 6 14   19 5 15  74022.562 ( 40 ) 74022.683 -0.121 E2 154.8810 152.4119 * 
                 
6 -6 0   6 -5 1  73687.310 ( 40 ) 73687.253 0.057 E3 114.5044 112.0464 
6 -6 0   6 -5 1  73720.360 ( 40 ) 73720.314 0.046 E4 114.5124 112.0533 
6 -6 0   6 -5 1  73727.650 ( 40 ) 73727.623 0.027 E1 114.5011 112.0418 
6 -6 0   6 -5 1  74160.770 ( 40 ) 74160.758 0.012 E2 113.1775 110.7038 
7 -6 1   7 -5 2  73590.000 ( 40 ) 73589.932 0.068 E3 116.2069 113.7522 
7 -6 1   7 -5 2  73623.150 ( 40 ) 73623.096 0.054 E4 116.2149 113.7591 
7 -6 1   7 -5 2  73630.380 ( 40 ) 73630.354 0.026 E1 116.2036 113.7476 
7 -6 1   7 -5 2  74056.469 ( 40 ) 74056.461 0.008 E2 114.8833 112.4130 
8 -6 2   8 -5 3  73445.530 ( 40 ) 73445.489 0.041 E3 118.1551 115.7052 
8 -6 2   8 -5 3  73478.870 ( 40 ) 73478.828 0.042 E4 118.1630 115.7120 
8 -6 2   8 -5 3  73486.020 ( 40 ) 73486.006 0.014 E1 118.1518 115.7006 
8 -6 2   8 -5 3  73900.891 ( 40 ) 73900.904 -0.013 E2 116.8353 114.3702 
9 -6 3   9 -5 4  73280.141 ( 40 ) 73280.144 -0.003 E1 120.3466 117.9022 
9 -6 3   9 -5 4  73239.492 ( 40 ) 73239.470 0.022 E3 120.3498 117.9068 
9 -6 3   9 -5 4  73273.102 ( 40 ) 73273.082 0.020 E4 120.3578 117.9136 
10 -6 4   10 -5 5  72995.125 ( 40 ) 72995.134 -0.009 E1 122.7891 120.3543 
10 -6 4   10 -5 5  72954.227 ( 40 ) 72954.218 0.009 E3 122.7924 120.3589 
10 -6 4   10 -5 5  72988.250 ( 40 ) 72988.238 0.012 E4 122.8003 120.3657 
10 -6 4   10 -5 5  73357.406 ( 40 ) 73357.384 0.022 E2 121.4822 119.0353 
11 -6 5   11 -5 6  72608.703 ( 40 ) 72608.716 -0.013 E1 125.4807 123.0587 
11 -6 5   11 -5 6  72883.180 ( 40 ) 72883.147 0.033 E2 124.1797 121.7486 
11 -6 5   11 -5 6  72567.461 ( 40 ) 72567.432 0.029 E3 125.4840 123.0634 
11 -6 5   11 -5 6  72602.055 ( 40 ) 72602.052 0.003 E4 125.4918 123.0701 
12 -6 6   12 -5 7  72090.891 ( 40 ) 72090.951 -0.060 E1 128.4227 126.0180 
12 -6 6   12 -5 7  72160.490 ( 40 ) 72160.404 0.086 E2 127.1286 124.7216 
12 -6 6   12 -5 7  72049.078 ( 40 ) 72049.102 -0.024 E3 128.4260 126.0227 
12 -6 6   12 -5 7  72084.594 ( 40 ) 72084.626 -0.032 E4 128.4338 126.0294 
13 -6 7   13 -5 8  71397.234 ( 40 ) 71397.275 -0.041 E1 131.6169 129.2354 
13 -6 7   13 -5 8  71076.766 ( 40 ) 71076.662 0.104 E2 130.3307 127.9598 
13 -6 7   13 -5 8  71354.500 ( 40 ) 71354.483 0.017 E3 131.6202 129.2401 
13 -6 7   13 -5 8  71391.523 ( 40 ) 71391.499 0.024 E4 131.6280 129.2466 
14 -6 8   14 -5 9  70453.203 ( 40 ) 70453.218 -0.015 E1 135.0651 132.7151 
14 -6 8   14 -5 9  69499.680 ( 40 ) 69499.581 0.099 E2 133.7888 131.4706 * 
14 -6 8   14 -5 9  70408.602 ( 40 ) 70408.652 -0.050 E3 135.0685 132.7199 
14 -6 8   14 -5 9  70448.445 ( 40 ) 70448.499 -0.054 E4 135.0762 132.7263 
15 -6 9   15 -5 10  69127.234 ( 40 ) 69127.326 -0.092 E1 138.7696 136.4638 
16 -6 10   16 -5 11  67210.602 ( 40 ) 67210.690 -0.088 E1 142.7332 140.4912 
17 -6 11   17 -5 12  60904.582 ( 40 ) 60904.545 0.037 E2 145.7441 143.7125 
 
Table A.5 The frequency list of methyl acetate-d3 fited by BELGI-C1. 
J' Ka' Kc' J Ka Kc S
a)
 obs.
b)
 c) 
2 0 2 1 0 1 A 12946.098 0.001 
2 0 2 1 1 1 A 7196.769 -0.005 
2 1 2 1 0 1 A 17879.516 0.002 
2 1 2 1 1 1 A 12130.189 -0.002 
2 2 0 2 1 1 A 17345.389 0.005 
3 0 3 2 0 2 A 19174.068 -0.005 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
 
        
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        J' Ka' Kc' J Ka Kc Sa) obs.
b)
 c) 
3 0 3 2 1 2 A 14240.655 0.000 
3 1 2 2 1 1 A 20878.975 0.001 
3 1 3 2 0 2 A 23068.582 0.000 
3 1 3 2 1 2 A 18135.166 0.001 
3 2 2 2 2 1 A 19570.109 0.001 
3 1 2 3 0 3 A 9389.191 -0.001 
3 2 1 3 1 2 A 16433.307 -0.006 
3 2 2 3 1 3 A 21430.033 0.009 
4 0 4 3 1 3 A 21254.477 -0.001 
4 1 3 3 1 2 A 27703.209 -0.005 
4 1 3 3 2 2 A 11767.881 0.009 
4 1 4 3 0 3 A 27971.838 -0.002 
4 2 2 4 1 3 A 15689.574 0.000 
4 2 3 4 1 4 A 23367.152 -0.003 
5 0 5 4 1 4 A 28060.885 0.005 
5 1 4 4 2 3 A 20143.770 -0.003 
5 1 4 5 0 5 A 15450.047 -0.002 
5 2 3 5 1 4 A 15422.122 0.002 
6 1 5 6 0 6 A 19872.357 0.000 
6 2 4 6 1 5 A 15892.037 0.001 
7 2 5 7 1 6 A 17296.211 -0.002 
8 2 6 8 1 7 A 19773.250 -0.003 
9 2 7 9 1 8 A 23379.221 0.002 
2 0 2 1 0 1 E 12946.014 0.002 
2 0 2 1 -1 0 E 7199.228 0.003 
2 -1 1 1 0 1 E 17877.268 0.003 
2 1 2 2 0 2 E 7682.322 -0.001 
2 2 1 2 1 2 E 17353.377 0.002 
3 0 3 2 0 2 E 19173.891 0.001 
3 1 3 2 1 2 E 20878.734 -0.004 
3 -1 2 2 0 2 E 23066.451 0.001 
3 2 2 3 1 3 E 16430.469 -0.008 
3 -2 1 3 -1 2 E 21420.500 -0.001 
4 0 4 3 -1 2 E 21256.104 -0.002 
4 1 4 3 1 3 E 27702.932 0.002 
4 2 3 4 1 4 E 15684.939 0.000 
5 1 5 4 -2 2 E 20150.504 -0.002 
5 1 5 5 0 5 E 15448.106 -0.002 
5 2 4 5 1 5 E 15417.385 0.003 
6 1 6 6 0 6 E 19870.340 0.002 
6 2 5 6 1 6 E 15887.729 0.002 
7 2 6 7 1 7 E 17292.580 0.000 
a)
 Symmetrie Spezies. 
b)
 Transition frequencies in MHz.
 
c)
 Observed minus calculated values in MHz.
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Table A.6 The frequency list of ethyl isovalerate fited by XIAM. 
J' Ka' Kc'  J Ka Kc obs.
a)
 b)
2 2 1  1 1 0 12689.756 -0.003 
2 2 0  1 1 1 12722.344 0.001 
2 2 0  2 1 1 9995.842 -0.004 
3 0 3  2 0 2 3991.757 0.000 
3 2 1  3 1 2 9948.399 -0.001 
3 2 2  3 1 2 9947.227 -0.003 
4 0 4  3 0 3 5321.241 0.001 
4 2 2  4 1 3 9886.323 0.000 
4 2 3  4 1 3 9882.810 -0.002 
4 2 2  4 1 4 10209.833 0.006 
4 2 3  4 1 4 10206.323 0.007 
5 0 5  4 0 4 6649.782 0.000 
5 1 4  4 0 4 10247.053 0.004 
5 2 3  4 1 3 16544.947 0.001 
5 2 3  5 1 4 9810.631 0.000 
5 2 4  5 1 4 9802.441 0.001 
5 2 3  5 1 5 10295.891 0.005 
5 2 4  5 1 5 10287.696 0.002 
6 0 6  5 0 5 7977.147 0.000 
6 1 5  5 0 5 11677.772 0.001 
6 1 6  5 0 5 10998.432 -0.003 
6 1 5  5 1 4 8080.504 0.000 
6 2 4  6 1 5 9722.596 0.002 
6 2 5  6 1 5 9706.214 -0.005 
6 2 5  6 1 6 10385.560 0.005 
7 0 7  6 0 6 9303.110 0.000 
7 1 6  6 0 6 13126.944 0.004 
7 1 7  6 0 6 12221.217 -0.002 
7 1 6  6 1 5 9426.316 0.001 
7 1 7  6 1 6 9199.931 0.000 
7 2 5  7 1 6 9623.734 -0.001 
7 2 6  7 1 6 9594.284 0.001 
7 2 5  7 1 7 10529.455 -0.001 
7 2 6  7 1 7 10500.004 0.000 
8 0 8  7 0 7 10627.454 0.000 
8 1 7  7 1 6 10771.678 -0.001 
8 1 8  7 1 7 10513.040 0.000 
8 2 6  7 2 5 10663.766 0.000 
8 2 7  7 2 6 10644.190 0.000 
8 3 5  7 3 4 10649.980 -0.001 
8 3 6  7 3 5 10649.714 0.000 
8 4 4  7 4 3 10648.660 -0.002 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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J' Ka' Kc'  J Ka Kc obs.
a)
 b)
8 5 4  7 5 3 10648.136 -0.003 
8 6 3  7 6 2 10647.850 0.002 
8 2 6  8 1 7 9515.823 0.001 
8 2 6  8 1 8 10680.183 0.001 
8 2 7  8 1 8 10631.153 0.000 
9 0 9  8 0 8 11949.973 0.001 
9 1 8  8 1 7 12116.518 0.000 
9 1 9  8 1 8 11825.705 0.001 
9 2 7  8 2 6 12001.556 -0.001 
9 2 8  8 2 7 11973.675 0.000 
9 3 6  8 3 5 11982.027 0.000 
9 3 7  8 3 6 11981.539 0.000 
9 4 6  8 4 5 11980.097 0.001 
8 4 5  9 3 6 11449.443 -0.002 
9 2 7  9 1 8 9400.863 0.002 
9 2 7  9 1 9 10856.032 -0.002 
9 2 8  9 1 9 10779.124 0.001 
10 0 10  9 0 9 13270.481 0.000 
10 0 10  9 1 9 10591.054 0.001 
10 1 9  9 1 8 13460.754 0.001 
10 1 10  9 1 9 13137.881 0.001 
10 2 9  9 2 8 13302.793 0.000 
10 5 6  9 5 5 13310.650 -0.003 
10 2 8  10 1 9 9281.078 -0.002 
10 2 9  10 1 10 10944.033 -0.003 
11 0 11  10 0 10 14588.820 0.000 
11 0 11  10 1 10 12041.994 0.001 
11 1 10  10 1 9 14804.300 -0.001 
11 2 9  11 1 10 9158.899 -0.003 
11 2 10  11 1 11 11126.012 -0.001 
12 0 12  11 0 11 15904.869 0.000 
12 1 11  11 1 10 16147.069 0.000 
12 1 12  11 1 11 15760.613 0.000 
12 2 10  12 1 11 9036.923 -0.001 
12 2 11  12 1 12 11325.168 0.000 
13 0 13  12 0 12 17218.542 0.000 
13 1 12  12 1 11 17488.961 -0.001 
13 1 13  12 1 12 17071.105 -0.001 
13 1 12  12 2 10 8452.036 -0.002 
13 1 12  12 2 11 8683.065 -0.004 
13 2 11  13 1 12 8917.877 -0.001 
13 2 12  13 1 13 11541.605 -0.002 
14 0 14  13 0 13 18529.805 -0.001 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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J' Ka' Kc'  J Ka Kc obs.
a)
 b)
14 1 13  13 1 12 18829.877 0.001 
14 1 14  13 1 13 18380.982 0.000 
14 1 13  13 2 11 9912.000 0.001 
14 1 13  13 2 12 10225.396 -0.004 
14 2 12  14 1 13 8804.581 -0.001 
14 2 13  14 1 14 11775.420 0.002 
15 0 15  14 0 14 19838.681 0.000 
15 1 14  14 1 13 20169.703 0.000 
15 1 15  14 1 14 19690.223 0.001 
15 1 14  14 2 13 11780.306 -0.002 
15 2 13  15 1 14 8699.903 -0.003 
15 2 14  15 1 15 12026.674 0.000 
16 0 16  15 0 15 21145.237 0.000 
16 1 15  15 1 14 21508.325 0.002 
16 1 16  15 1 15 20998.812 0.000 
16 1 15  15 2 13 12808.419 0.002 
16 1 15  15 2 14 13347.155 0.002 
16 2 14  16 1 15 8606.708 -0.002 
16 2 15  16 1 16 12295.419 0.002 
17 0 17  16 0 16 22449.600 0.000 
17 1 16  16 2 14 14238.906 0.004 
17 1 16  16 2 15 14925.210 -0.001 
17 2 15  17 1 16 8527.809 -0.002 
17 2 16  17 1 17 12581.663 -0.004 
18 1 17  17 2 16 16513.659 -0.002 
18 2 16  18 1 17 8465.929 -0.002 
18 2 17  18 1 18 12885.408 0.000 
19 1 18  18 2 17 18111.586 0.000 
19 2 17  19 1 18 8423.667 -0.003 
19 2 18  19 1 19 13206.593 0.005 
20 1 19  19 2 18 19717.958 -0.001 
20 2 18  20 1 19 8403.478 -0.002 
20 2 19  20 1 20 13545.116 -0.002 
21 2 19  21 1 20 8407.653 -0.003 
21 2 20  21 1 21 13900.862 -0.003 
22 2 20  22 1 21 8438.330 -0.001 
23 2 21  23 1 22 8497.480 -0.002 
23 2 22  23 1 23 14663.258 0.000 
24 2 22  24 1 23 8586.941 0.001 
24 2 23  24 1 24 15069.416 0.000 
25 2 24  25 1 25 15491.811 -0.001 
26 3 24  26 2 25 17903.714 0.004 
27 3 25  27 2 26 18071.489 0.004 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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Table A.7 The frequency list of ethyl butyrate with c1-symmetry (188 lines) fited by XIAM. 
J' Ka' Kc'  J Ka Kc obs.
a
 b 
2 1 1  1 0 1 7949.384 -0.002 
2 2 1  1 1 0 16582.677 -0.004 
2 2 0  2 1 1 13002.318 -0.001 
2 2 1  2 1 2 13105.601 -0.002 
3 0 3  2 0 2 5318.239 0.000 
3 1 2  2 1 1 5370.710 -0.002 
3 1 3  2 1 2 5267.219 0.003 
3 2 2  2 1 1 18321.301 -0.005 
3 2 2  2 1 2 18424.774 -0.022 
3 2 1  2 2 0 5320.002 -0.010 
3 2 2  2 2 1 5319.192 0.000 
3 2 1  3 1 2 12951.624 0.005 
3 2 2  3 1 2 12950.600 0.007 
4 0 4  3 0 3 7090.001 -0.001 
4 1 3  3 0 3 11616.711 0.007 
4 1 3  3 1 2 7160.714 0.026 
4 1 4  3 1 3 7022.685 0.000 
4 2 2  3 2 1 7094.121 0.000 
4 2 3  3 2 2 7092.072 0.001 
4 3 2  3 3 1 7092.867 0.007 
4 2 2  4 1 3 12885.052 0.000 
4 2 3  4 1 3 12881.978 0.002 
4 2 3  4 1 4 13226.970 0.005 
5 0 5  4 0 4 8860.921 -0.001 
5 1 5  4 0 4 12959.635 -0.003 
5 1 4  4 1 3 8950.436 -0.001 
5 1 5  4 1 4 8777.925 0.001 
5 2 4  4 1 3 21746.765 0.000 
5 2 3  4 1 4 22098.939 0.008 
5 2 3  4 2 2 8868.889 -0.001 
5 2 4  4 2 3 8864.790 0.000 
5 3 2  4 2 2 30617.603 -0.014 
5 3 2  4 3 1 8866.227 -0.009 
5 3 3  4 3 2 8866.227 0.007 
5 4 1  4 4 0 8866.369 0.002 
5 2 3  5 1 4 12803.506 0.001 
5 2 4  5 1 4 12796.330 0.002 
5 2 4  5 1 5 13313.829 -0.001 
5 3 2  5 2 3 21748.743 0.016 
5 3 3  5 2 4 21755.882 0.001 
6 0 6  5 0 5 10630.791 -0.001 
6 1 5  5 0 5 15356.118 0.000 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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J' Ka' Kc'  J Ka Kc obs.
a
 b 
6 1 5  5 1 4 10739.898 -0.002 
6 1 6  5 1 5 10532.880 0.000 
6 2 4  5 2 3 10644.481 0.000 
6 2 5  5 2 4 10637.309 0.000 
6 3 3  5 2 3 32388.412 -0.030 
6 3 3  5 2 4 32395.622 0.004 
6 3 3  5 3 2 10639.689 -0.026 
6 3 4  5 3 3 10639.683 0.011 
6 4 2  5 4 1 10639.693 -0.035 
6 4 3  5 4 2 10639.731 0.002 
6 5 1  5 5 0 10640.148 0.005 
5 3 2  6 2 4 11104.235 -0.010 
6 2 4  6 1 5 12708.088 0.002 
6 2 5  6 1 6 13418.264 0.005 
6 3 3  6 2 4 21743.968 0.008 
6 3 4  6 2 5 21758.248 0.004 
7 0 7  6 0 6 12399.403 -0.001 
7 1 6  6 1 5 12529.013 -0.002 
7 1 7  6 1 6 12287.500 0.000 
7 2 5  6 2 4 12421.056 -0.001 
7 2 6  6 2 5 12409.588 -0.001 
7 3 5  6 2 4 34157.129 0.002 
7 3 4  6 2 5 34171.642 0.006 
7 3 4  6 3 3 12413.326 -0.002 
7 3 5  6 3 4 12413.228 -0.003 
7 4 3  6 4 2 12413.138 0.000 
7 5 2  6 5 1 12413.546 0.001 
7 5 3  6 5 2 12413.546 0.001 
7 6 1  6 6 0 12414.241 -0.005 
7 2 6  7 1 7 13540.349 0.002 
7 3 4  7 2 5 21736.237 0.007 
7 3 5  7 2 6 21761.891 0.005 
8 0 8  7 0 7 14166.557 -0.001 
8 0 8  7 1 7 10277.654 -0.001 
8 1 7  7 1 6 14317.714 -0.002 
8 1 8  7 1 7 14041.732 -0.001 
8 2 6  7 1 7 27764.936 0.001 
8 2 6  7 2 5 14198.769 -0.002 
8 2 7  7 2 6 14181.589 -0.001 
8 3 6  7 2 5 35922.979 -0.001 
8 3 5  7 2 6 35949.153 0.005 
8 3 5  7 3 4 14187.101 -0.001 
8 3 6  7 3 5 14186.908 -0.001 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
151 
APPENDIX A: FREQUENCY LISTS 
J' Ka' Kc'  J Ka Kc obs.
a
 b 
8 4 4  7 4 3 14186.605 -0.001 
8 5 3  7 5 2 14186.967 0.002 
8 5 4  7 5 3 14186.967 0.002 
8 6 2  7 6 1 14187.719 0.006 
8 7 2  7 7 1 14188.741 0.010 
8 2 6  8 1 7 12481.187 0.004 
8 2 7  8 1 8 13680.206 0.000 
8 3 5  8 2 6 21724.571 0.009 
8 3 6  8 2 7 21767.213 0.008 
9 0 9  8 0 8 15932.060 -0.001 
9 0 9  8 1 8 12167.980 -0.004 
9 1 8  8 1 7 16105.937 -0.002 
9 1 9  8 1 8 15795.529 -0.001 
9 2 8  8 1 7 28391.457 -0.002 
9 2 7  8 2 6 15977.768 -0.002 
9 2 8  8 2 7 15953.269 -0.003 
9 3 6  8 3 5 15961.066 -0.003 
9 3 7  8 3 6 15960.717 0.000 
9 4 5  8 4 4 15960.135 -0.002 
9 4 6  8 4 5 15960.135 0.000 
9 5 4  8 5 3 15960.412 0.002 
9 5 5  8 5 4 15960.412 0.002 
9 6 3  8 6 2 15961.187 0.004 
9 7 2  8 7 1 15962.297 0.009 
9 8 1  8 8 0 15963.682 0.020 
9 2 7  9 1 8 12353.016 0.002 
9 2 8  9 1 9 13837.947 -0.001 
9 3 7  9 2 8 21774.654 0.003 
10 0 10  9 0 9 17695.731 -0.001 
10 1 9  9 1 8 17893.610 -0.001 
10 1 10  9 1 9 17548.843 -0.002 
10 2 8  9 2 7 17758.188 -0.001 
10 2 9  9 2 8 17724.593 -0.001 
10 3 7  9 3 6 17735.260 -0.003 
10 3 8  9 3 7 17734.657 -0.003 
10 4 6  9 4 5 17733.719 -0.022 
10 4 7  9 4 6 17733.719 -0.018 
10 5 5  9 5 4 17733.899 0.017 
10 5 6  9 5 5 17733.899 0.017 
10 6 4  9 6 3 17734.657 0.003 
10 6 5  9 6 4 17734.657 0.003 
10 7 3  9 7 2 17735.841 0.009 
10 7 4  9 7 3 17735.841 0.009 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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J' Ka' Kc'  J Ka Kc obs.
a
 b 
10 8 2  9 8 1 17737.344 0.018 
10 8 3  9 8 2 17737.344 0.018 
10 2 8  10 1 9 12217.592 0.002 
10 2 9  10 1 10 14013.693 -0.005 
10 3 8  10 2 9 21784.720 0.004 
11 0 11  10 0 10 19457.405 0.000 
11 1 10  10 1 9 19680.660 -0.001 
11 1 11  10 1 10 19301.637 -0.001 
11 2 9  10 1 9 31757.739 0.002 
11 2 10  10 1 10 33509.221 0.007 
11 2 9  10 2 8 19540.147 0.000 
11 2 10  10 2 9 19495.516 -0.001 
11 2 9  11 1 10 12077.079 0.002 
11 2 10  11 1 11 14207.567 -0.009 
12 0 12  11 0 11 21216.936 -0.001 
12 1 11  11 1 10 21467.006 -0.002 
12 1 12  11 1 11 21053.867 -0.001 
12 2 10  11 1 10 33400.819 0.000 
12 2 10  11 2 9 21323.738 -0.004 
12 2 11  11 2 10 21265.998 -0.002 
12 2 10  12 1 11 11933.815 0.004 
12 2 11  12 1 12 14419.700 -0.009 
12 3 10  12 2 11 21814.911 0.005 
13 0 13  12 0 12 22974.209 -0.002 
13 1 12  12 1 11 23252.568 -0.002 
13 1 13  12 1 12 22805.501 0.001 
13 1 12  12 2 11 11522.222 0.004 
13 2 11  12 2 10 23109.038 -0.005 
13 2 12  12 2 11 23036.001 -0.005 
13 2 11  13 1 12 11790.287 0.003 
13 2 12  13 1 13 14650.210 -0.004 
13 3 11  13 2 12 21836.232 0.006 
14 1 14  13 0 13 27549.611 -0.003 
14 2 12  14 1 13 11649.118 0.004 
14 3 12  14 2 13 21862.553 0.005 
15 2 13  14 2 12 26684.873 -0.002 
15 2 13  15 1 14 11513.011 0.003 
15 3 13  15 2 14 21894.559 0.006 
16 0 16  15 0 15 28231.818 0.000 
16 1 15  15 1 14 28603.639 0.000 
16 2 14  15 2 13 28475.369 0.005 
16 2 15  15 2 14 28342.745 -0.004 
16 2 14  16 1 15 11384.734 0.002 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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J' Ka' Kc'  J Ka Kc obs.
a
 b 
16 3 14  16 2 15 21932.949 0.009 
17 0 17  16 0 16 29979.593 -0.002 
17 0 17  16 1 16 27509.266 0.005 
17 2 15  16 2 14 30267.465 -0.002 
17 2 16  16 2 15 30110.439 -0.003 
17 2 15  17 1 16 11267.071 -0.001 
17 3 15  17 2 16 21978.430 0.002 
18 2 16  18 1 17 11162.794 0.001 
18 3 16  18 2 17 22031.763 0.006 
19 2 17  19 1 18 11074.608 0.001 
19 3 17  19 2 18 22093.671 0.001 
20 2 18  20 1 19 11005.136 -0.003 
20 3 17  20 2 18 20835.576 -0.037 
20 3 18  20 2 19 22164.914 -0.004 
21 2 19  21 1 20 10956.904 -0.001 
24 2 22  24 1 23 10962.807 -0.001 
24 3 22  24 2 23 22558.198 -0.026 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
 
Table A.8 The frequency list of ethyl butyrate with cs-symmetry (117 lines) fited by XIAM. 
J' Ka' Kc'  J Ka Kc obs.
a
 b 
2 2 0  2 1 1 16565.566 0.001 
3 1 3  2 0 2 9953.295 -0.004 
3 2 1  3 1 2 16457.671 -0.004 
3 2 2  3 1 3 16899.294 0.007 
3 2 2  4 1 3 10151.151 -0.005 
4 1 3  4 0 4 5939.084 0.005 
4 2 2  4 1 3 16317.581 -0.004 
4 2 3  4 1 4 17048.640 0.010 
5 0 5  4 0 4 7679.976 0.001 
5 1 5  4 0 4 12702.953 0.002 
5 1 4  4 1 3 7877.074 0.001 
5 1 5  4 1 4 7506.056 -0.005 
5 1 4  5 0 5 6136.178 0.002 
5 2 3  5 1 4 16148.523 -0.006 
5 2 4  5 1 5 17235.748 0.005 
5 3 2  5 2 3 27773.730 0.005 
6 0 6  5 0 5 9207.845 0.001 
6 1 6  5 0 5 14028.267 -0.005 
6 1 5  5 1 4 9450.365 0.000 
6 1 6  5 1 5 9005.296 -0.001 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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J' Ka' Kc'  J Ka Kc obs.
a
 b 
6 1 5  6 0 6 6378.702 0.004 
6 2 5  6 1 6 17460.890 0.004 
6 3 3  6 2 4 27755.370 0.000 
7 0 7  6 0 6 10731.353 0.002 
7 1 7  6 0 6 15323.921 -0.001 
7 1 6  6 1 5 11022.457 0.001 
7 1 7  6 1 6 10503.496 0.003 
7 2 5  6 2 4 10808.339 0.002 
7 2 6  6 2 5 10766.963 0.002 
7 1 6  7 0 7 6669.805 0.002 
7 2 5  7 1 6 15740.416 0.001 
7 2 6  7 1 7 17724.352 -0.002 
7 3 4  7 2 5 27726.263 0.002 
7 3 5  7 2 6 27818.583 0.005 
8 0 8  7 0 7 12249.869 0.002 
8 1 7  7 1 6 12593.111 0.000 
8 1 8  7 1 7 12000.517 0.002 
8 2 7  7 1 6 27949.729 -0.005 
8 2 6  7 2 5 12364.420 0.000 
8 2 7  7 2 6 12302.614 0.002 
7 3 5  8 2 6 15360.870 0.005 
7 3 4  8 2 7 15516.945 0.002 
8 1 7  8 0 8 7013.051 0.006 
8 2 6  8 1 7 15511.720 -0.004 
8 2 7  8 1 8 18026.449 -0.001 
8 3 5  8 2 6 27683.065 0.003 
8 3 6  8 2 7 27836.001 -0.015 
9 0 9  8 0 8 13762.842 0.001 
9 1 9  8 1 8 13496.238 0.002 
9 2 8  8 2 7 13837.273 0.001 
9 3 6  8 3 5 13864.150 0.000 
8 3 6  9 2 7 13755.878 0.005 
9 1 8  9 0 9 7412.282 0.001 
9 2 7  9 1 8 15274.689 -0.001 
9 2 8  9 1 9 18367.480 -0.005 
9 3 6  9 2 7 27622.170 0.000 
9 3 7  9 2 8 27860.737 -0.013 
10 0 10  9 0 9 15269.835 0.002 
10 0 10  9 1 9 11193.221 0.002 
10 1 10  9 1 9 14990.551 0.001 
10 2 9  9 2 8 15370.817 0.001 
10 3 8  9 3 7 15404.526 0.001 
9 3 6  10 2 9 12494.224 -0.002 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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J' Ka' Kc'  J Ka Kc obs.
a
 b 
10 1 9  10 0 10 7871.523 -0.002 
10 2 8  10 1 9 15036.130 0.002 
10 2 9  10 1 10 18747.751 -0.001 
10 3 7  10 2 8 27539.852 0.000 
10 3 8  10 2 9 27894.457 -0.003 
11 0 11  10 0 10 16770.552 0.001 
11 0 11  10 1 10 12973.219 -0.001 
11 1 10  10 1 9 17293.824 0.000 
11 1 11  10 1 10 16483.367 0.001 
11 2 9  10 2 8 17061.003 0.001 
11 2 10  10 2 9 16903.125 0.001 
10 3 8  11 2 9 10470.893 0.007 
10 3 7  11 2 10 10999.295 -0.004 
11 1 10  11 0 11 8394.795 -0.003 
11 2 9  11 1 10 14803.311 0.005 
11 2 10  11 1 11 19167.510 0.000 
11 3 8  11 2 9 27432.403 -0.004 
11 3 9  11 2 10 27938.943 0.005 
12 0 12  11 0 11 18264.876 0.001 
12 0 12  11 1 11 14754.727 -0.002 
12 1 11  11 1 10 18855.995 -0.002 
12 1 12  11 1 11 17974.614 -0.001 
12 2 10  11 2 9 18636.493 -0.001 
12 2 11  11 2 10 18434.076 -0.001 
12 1 11  12 0 12 8985.926 0.006 
12 2 10  12 1 11 14583.803 0.000 
12 2 11  12 1 12 19626.966 -0.007 
12 3 9  12 2 10 27296.373 0.000 
12 3 10  12 2 11 27996.070 -0.008 
13 1 12  12 1 11 20415.255 0.001 
13 2 11  12 2 10 20216.773 -0.002 
13 2 12  12 2 11 19963.562 0.003 
13 2 11  13 1 12 14385.324 -0.001 
13 2 12  13 1 13 20126.287 -0.001 
13 3 10  13 2 11 27128.750 0.006 
13 3 11  13 2 12 28067.841 0.000 
14 1 13  14 0 14 10384.679 0.003 
14 2 12  14 1 13 14215.533 -0.001 
14 2 13  14 1 14 20665.520 -0.002 
14 3 11  14 2 12 26927.212 0.009 
14 3 12  14 2 13 28156.249 0.001 
15 2 13  15 1 14 14081.881 0.006 
15 3 12  15 2 13 26690.337 0.000 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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J' Ka' Kc'  J Ka Kc obs.
a
 b 
15 3 13  15 2 14 28263.344 -0.004 
16 2 14  16 1 15 13991.440 -0.002 
17 2 15  17 1 16 13950.867 -0.004 
18 2 16  18 1 17 13966.289 -0.005 
19 2 17  19 1 18 14043.325 0.000 
20 2 18  20 1 19 14187.100 0.014 
21 2 19  21 1 20 14402.242 0.001 
22 2 20  22 1 21 14693.027 -0.007 
23 2 21  23 1 22 15063.301 0.001 
24 2 22  24 1 23 15516.457 -0.001 
25 2 23  25 1 24 16055.446 0.002 
a)
 Transition frequencies in MHz. 
b)
 Observed minus calculated values in MHz. 
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Appendix B: Atom Positions from Gaussian Output 
Table B.1 The principal axis coordinates of rotamer PM(a,P) of isoamyl acetate. 
atom a b c 
C(1) -1.757980 -0.110914 0.234086 
O(2) -1.487615 -0.235076 1.409352 
O(3) -1.131095 0.744779 -0.609697 
C(4) -2.827581 -0.872624 -0.505776 
H(5) -3.566931 -0.172301 -0.901999 
H(6) -2.384991 -1.403617 -1.352078 
H(7) -3.305439 -1.578126 0.172569 
C(8) -0.093641 1.578959 -0.048370 
H(9) -0.261628 2.567301 -0.483590 
H(10) -0.226789 1.630584 1.034809 
C(11) 1.299537 1.075046 -0.394931 
H(12) 1.991935 1.838742 -0.013468 
H(13) 1.422918 1.054472 -1.486121 
C(14) 1.678823 -0.293245 0.198868 
H(15) 1.175415 -0.396790 1.168720 
C(16) 3.191315 -0.365330 0.427820 
H(17) 3.483592 -1.347077 0.814971 
H(18) 3.727383 -0.201727 -0.515181 
H(19) 3.521086 0.396250 1.142188 
C(20) 1.243503 -1.451419 -0.705157 
H(21) 1.471720 -2.414266 -0.235922 
H(22) 0.175202 -1.426870 -0.929959 
H(23) 1.784375 -1.402566 -1.658450 
 
Table B.2 The principal axis coordinates of rotamer PM(M,a)of isoamyl acetate. 
atom a b c 
C(1) 1.792518 -0.223189 0.041639 
O(2) 1.551378 -1.134310 -0.721218 
O(3) 1.176179 0.982884 0.013925 
C(4) 2.797352 -0.264454 1.164357 
H(5) 3.409408 0.639224 1.158344 
H(6) 2.263044 -0.302412 2.117904 
H(7) 3.420519 -1.151802 1.060593 
C(8) 0.128635 1.169413 -0.964706 
H(9) 0.313081 2.155063 -1.398395 
H(10) 0.221068 0.408975 -1.741933 
C(11) -1.226686 1.129537 -0.276084 
H(12) -1.988524 1.425132 -1.012322 
H(13) -1.228812 1.892157 0.512887 
C(14) -1.612459 -0.229121 0.320573 
H(15) -0.791072 -0.567280 0.967248 
C(16) -1.840680 -1.282500 -0.765780 
H(17) -2.147478 -2.233837 -0.318528 
H(18) -2.640171 -0.957009 -1.443270 
H(19) -0.936679 -1.468433 -1.350862 
C(20) -2.862924 -0.075331 1.189976 
H(21) -3.148799 -1.032136 1.638874 
H(22) -2.699657 0.646719 1.997075 
H(23) -3.706436 0.277514 0.584082 
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Table B.3 The principal axis coordinates of rotamer Pa(a,P) of isoamyl acetate. 
atom a b c 
C(1) 2.143917 0.158936 -0.151960 
O(2) 1.737750 1.166532 -0.691302 
O(3) 1.424847 -0.558192 0.744005 
C(4) 3.488963 -0.480702 -0.381165 
H(5) 3.950129 -0.745749 0.571861 
H(6) 3.351475 -1.400510 -0.956329 
H(7) 4.125449 0.205238 -0.938659 
C(8) 0.086564 -0.071900 0.990266 
H(9) -0.183045 -0.497301 1.960109 
H(10) 0.116710 1.016942 1.061549 
C(11) -0.870572 -0.541691 -0.094266 
H(12) -0.756473 -1.628064 -0.199372 
H(13) -0.585927 -0.082643 -1.048878 
C(14) -2.338313 -0.213516 0.205852 
H(15) -2.602281 -0.676060 1.168481 
C(16) -3.236154 -0.818547 -0.875881 
H(17) -4.293226 -0.634000 -0.658134 
H(18) -3.008354 -0.370676 -1.850377 
H(19) -3.086479 -1.900309 -0.955664 
C(20) -2.575067 1.296264 0.309207 
H(21) -3.640983 1.510548 0.439841 
H(22) -2.041235 1.744483 1.152224 
H(23) -2.238034 1.794642 -0.607531 
 
Table B.4 The principal axis coordinates of rotamer Pa(P,M) of isoamyl acetate. 
atom a b c 
C(1) -2.122285 0.159227 -0.056302 
O(2) -1.782032 1.321524 -0.124584 
O(3) -1.290767 -0.884411 -0.286249 
C(4) -3.500303 -0.334621 0.301566 
H(5) -3.822708 -1.101154 -0.405453 
H(6) -3.469419 -0.786435 1.296815 
H(7) -4.196097 0.503387 0.302667 
C(8) 0.081297 -0.530219 -0.572729 
H(9) 0.471271 -1.394767 -1.111672 
H(10) 0.089551 0.345280 -1.225190 
C(11) 0.845684 -0.278119 0.719461 
H(12) 0.782293 -1.184095 1.335382 
H(13) 0.345735 0.529796 1.265172 
C(14) 2.322322 0.097575 0.514115 
H(15) 2.748410 0.218838 1.519118 
C(16) 2.479033 1.433269 -0.219876 
H(17) 3.528038 1.747486 -0.225292 
H(18) 2.154395 1.355812 -1.262958 
H(19) 1.887326 2.219670 0.259883 
C(20) 3.110661 -1.010489 -0.191307 
H(21) 4.180462 -0.777324 -0.197131 
H(22) 2.975999 -1.975075 0.310343 
H(23) 2.795056 -1.121354 -1.234509 
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Table B.5 The principal axis coordinates of rotamer Pa(M,a) of isoamyl acetate. 
atom a b c 
C(1) 2.191756 0.144073 0.113807 
O(2) 1.875066 0.961105 0.952440 
O(3) 1.382669 -0.858113 -0.304530 
C(4) 3.509351 0.096680 -0.615824 
H(5) 3.904375 -0.920797 -0.617993 
H(6) 3.351753 0.398833 -1.654841 
H(7) 4.211408 0.780049 -0.139872 
C(8) 0.062194 -0.871973 0.281245 
H(9) -0.273302 -1.901527 0.152145 
H(10) 0.139108 -0.640598 1.347667 
C(11) -0.856445 0.117482 -0.419867 
H(12) -0.976626 -0.185103 -1.469070 
H(13) -0.376430 1.102025 -0.409659 
C(14) -2.236321 0.232000 0.239100 
H(15) -2.086343 0.560351 1.277558 
C(16) -2.978008 -1.107896 0.253611 
H(17) -3.989274 -0.984378 0.654883 
H(18) -3.066275 -1.503068 -0.766006 
H(19) -2.469144 -1.858221 0.866236 
C(20) -3.070524 1.292413 -0.482914 
H(21) -4.042444 1.426149 0.003341 
H(22) -2.556891 2.259194 -0.494426 
H(23) -3.251301 0.990136 -1.521439 
 
Table B.6 The principal axis coordinates of rotamer PP(a,P) of isoamyl acetate. 
atom a b c 
C(1) -1.904700 -0.060730 -0.144891 
O(2) -2.043634 -1.241015 0.097199 
O(3) -0.984316 0.727808 0.457651 
C(4) -2.701688 0.733635 -1.147552 
H(5) -3.051020 1.665520 -0.698973 
H(6) -2.058062 0.988921 -1.994043 
H(7) -3.543642 0.136744 -1.495814 
C(8) -0.109400 0.060017 1.393828 
H(9) 0.312975 0.873101 1.985876 
H(10) -0.705208 -0.587439 2.042474 
C(11) 0.974443 -0.739700 0.683385 
H(12) 0.529757 -1.643159 0.253512 
H(13) 1.694333 -1.066603 1.448130 
C(14) 1.722941 0.031805 -0.409878 
H(15) 1.000804 0.293505 -1.194604 
C(16) 2.796533 -0.864989 -1.030241 
H(17) 3.300542 -0.359345 -1.860478 
H(18) 3.555567 -1.124411 -0.282244 
H(19) 2.362536 -1.796293 -1.409180 
C(20) 2.340887 1.326799 0.120954 
H(21) 2.938310 1.814771 -0.656312 
H(22) 1.577588 2.038424 0.449243 
H(23) 3.003688 1.114557 0.969490 
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Table B.7 The principal axis coordinates of rotamer PP(P,M) of isoamyl acetate. 
atom a b c 
C(1) -1.794319 0.008776 0.041337 
O(2) -2.078584 -0.741022 -0.868599 
O(3) -0.722547 -0.160678 0.850925 
C(4) -2.547541 1.257590 0.419711 
H(5) -2.636702 1.338247 1.504273 
H(6) -1.988418 2.126447 0.059714 
H(7) -3.531004 1.243827 -0.048898 
C(8) 0.124654 -1.287025 0.532919 
H(9) 0.682623 -1.467772 1.452949 
H(10) -0.505607 -2.154322 0.318918 
C(11) 1.057373 -1.020823 -0.641131 
H(12) 0.463353 -0.920071 -1.555725 
H(13) 1.658941 -1.933905 -0.755021 
C(14) 2.013233 0.178046 -0.506180 
H(15) 2.746405 0.064672 -1.316958 
C(16) 2.778821 0.162415 0.819138 
H(17) 3.556423 0.933273 0.821993 
H(18) 2.108209 0.367740 1.660734 
H(19) 3.262508 -0.805815 0.991859 
C(20) 1.322321 1.531374 -0.712636 
H(21) 2.068512 2.329993 -0.788133 
H(22) 0.729264 1.535548 -1.634113 
H(23) 0.662248 1.765918 0.126657 
 
Table B.8 The principal axis coordinates of rotamer PP(M,a) of isoamyl acetate. 
atom a b c 
C(1) -1.905352 -0.011837 -0.169089 
O(2) -1.971339 -0.912903 -0.978275 
O(3) -1.029053 0.012598 0.862415 
C(4) -2.751697 1.234760 -0.166417 
H(5) -3.134816 1.431141 0.836641 
H(6) -2.130162 2.085009 -0.461958 
H(7) -3.571147 1.118753 -0.874689 
C(8) -0.104917 -1.096650 0.918184 
H(9) 0.257752 -1.090901 1.949187 
H(10) -0.657312 -2.021048 0.731151 
C(11) 1.050527 -0.961637 -0.064590 
H(12) 0.651707 -0.835320 -1.078569 
H(13) 1.574600 -1.927708 -0.056134 
C(14) 2.070124 0.142596 0.241897 
H(15) 2.400634 0.016192 1.283707 
C(16) 1.490642 1.552383 0.086660 
H(17) 2.272729 2.303632 0.241882 
H(18) 1.094287 1.686336 -0.927958 
H(19) 0.683103 1.744185 0.795970 
C(20) 3.290357 -0.022678 -0.668865 
H(21) 4.047646 0.738030 -0.452926 
H(22) 3.750343 -1.008686 -0.544543 
H(23) 2.995373 0.083625 -1.719761 
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Table B.9 The principal axis coordinates of rotamer aM(a,P) of isoamyl acetate. 
atom a b c 
C(1) -2.157615 0.029761 -0.016194 
O(2) -2.635876 -0.872803 -0.669992 
O(3) -0.871856 0.047147 0.405920 
C(4) -2.878632 1.271190 0.442537 
H(5) -2.869751 1.318000 1.534135 
H(6) -2.362748 2.157645 0.065815 
H(7) -3.904632 1.250097 0.077766 
C(8) -0.093674 -1.109230 0.028264 
H(9) -0.547876 -1.993311 0.485557 
H(10) -0.135492 -1.231544 -1.059341 
C(11) 1.330585 -0.901277 0.513190 
H(12) 1.802748 -1.890871 0.573833 
H(13) 1.299526 -0.502207 1.535935 
C(14) 2.205732 -0.005250 -0.372153 
H(15) 2.258038 -0.475778 -1.365173 
C(16) 3.623844 0.058306 0.200677 
H(17) 4.284656 0.640070 -0.450042 
H(18) 3.612923 0.539056 1.186242 
H(19) 4.052228 -0.943065 0.316110 
C(20) 1.638381 1.406436 -0.541678 
H(21) 2.331651 2.024071 -1.123056 
H(22) 0.673862 1.402098 -1.054752 
H(23) 1.493473 1.880121 0.435988 
 
Table B.10 The principal axis coordinates of rotamer aM(P,M) of isoamyl acetate. 
atom a b c 
C(1) 1.985303 0.049227 0.075280 
O(2) 2.507129 -0.996305 0.398391 
O(3) 0.704992 0.143968 -0.356500 
C(4) 2.633532 1.409554 0.105335 
H(5) 2.486081 1.917433 -0.849853 
H(6) 2.162539 2.015270 0.884337 
H(7) 3.695940 1.300168 0.319110 
C(8) -0.009792 -1.108798 -0.405519 
H(9) 0.531489 -1.797086 -1.061871 
H(10) -0.024868 -1.547425 0.595910 
C(11) -1.408526 -0.852061 -0.935323 
H(12) -1.883223 -1.840120 -1.011878 
H(13) -1.338318 -0.455292 -1.955655 
C(14) -2.314457 0.060156 -0.086593 
H(15) -3.337593 -0.114116 -0.447804 
C(16) -2.018477 1.551755 -0.276425 
H(17) -2.763338 2.154624 0.254765 
H(18) -1.028603 1.808706 0.107555 
H(19) -2.052913 1.827263 -1.335984 
C(20) -2.278468 -0.314543 1.397147 
H(21) -3.043332 0.240733 1.949625 
H(22) -2.462301 -1.384369 1.547759 
H(23) -1.307437 -0.067959 1.840546 
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Table B.11 The principal axis coordinates of rotamer aM(M,a) of isoamyl acetate. 
atom a b c 
C(1) 2.154490 0.095380 0.022660 
O(2) 2.657023 -0.937068 0.411805 
O(3) 0.862622 0.195430 -0.370806 
C(4) 2.850463 1.425773 -0.107279 
H(5) 2.913249 1.698712 -1.163829 
H(6) 2.276029 2.200250 0.405313 
H(7) 3.851830 1.353418 0.314909 
C(8) 0.113556 -1.036628 -0.313285 
H(9) 0.592427 -1.775184 -0.963223 
H(10) 0.140060 -1.422318 0.709156 
C(11) -1.298202 -0.725523 -0.771206 
H(12) -1.879812 -1.656437 -0.702821 
H(13) -1.275389 -0.438750 -1.829926 
C(14) -2.007206 0.368395 0.036455 
H(15) -1.450941 1.303345 -0.103679 
C(16) -2.037819 0.045454 1.531842 
H(17) -2.618141 0.799186 2.074129 
H(18) -2.509182 -0.930228 1.705173 
H(19) -1.035148 0.022542 1.968971 
C(20) -3.427747 0.564820 -0.497427 
H(21) -3.933572 1.385436 0.021702 
H(22) -3.420077 0.792381 -1.568740 
H(23) -4.021368 -0.345354 -0.348091 
 
Table B.12 The principal axis coordinates of rotamer aa(a,P) of isoamyl acetate. 
atom a b c 
C(1) -2.415659 0.082395 -0.022231 
O(2) -2.504623 1.256060 -0.313572 
O(3) -1.234789 -0.567769 0.104979 
C(4) -3.566097 -0.854002 0.244005 
H(5) -3.540312 -1.679126 -0.471680 
H(6) -3.472176 -1.277672 1.246499 
H(7) -4.504635 -0.309128 0.152750 
C(8) -0.068524 0.248714 -0.132073 
H(9) -0.111329 0.643946 -1.152915 
H(10) -0.086304 1.092833 0.561587 
C(11) 1.145757 -0.638049 0.065125 
H(12) 1.014250 -1.542240 -0.541349 
H(13) 1.198068 -0.955045 1.115208 
C(14) 2.462091 0.045131 -0.325451 
H(15) 2.401324 0.313990 -1.390014 
C(16) 3.627289 -0.930316 -0.145274 
H(17) 4.570509 -0.480691 -0.472240 
H(18) 3.732082 -1.204894 0.911109 
H(19) 3.468096 -1.848384 -0.720368 
C(20) 2.707436 1.322551 0.482880 
H(21) 3.691272 1.742784 0.249772 
H(22) 1.959992 2.094300 0.276898 
H(23) 2.681471 1.101145 1.557032 
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Table B.13 The principal axis coordinates of rotamer aa(P,M) of isoamyl acetate. 
atom a b c 
C(1) -2.301034 0.186512 -0.000001 
O(2) -2.242364 1.397742 0.000003 
O(3) -1.209417 -0.614118 -0.000005 
C(4) -3.562110 -0.638814 0.000002 
H(5) -3.580605 -1.282043 -0.882856 
H(6) -3.580643 -1.281965 0.882919 
H(7) -4.427288 0.022666 -0.000043 
C(8) 0.052386 0.088295 0.000000 
H(9) 0.096148 0.727567 -0.885731 
H(10) 0.096146 0.727558 0.885737 
C(11) 1.140798 -0.969190 -0.000004 
H(12) 1.005514 -1.605908 -0.882781 
H(13) 1.005513 -1.605917 0.882765 
C(14) 2.568459 -0.398574 -0.000001 
H(15) 3.242224 -1.265900 -0.000003 
C(16) 2.866556 0.418569 1.261125 
H(17) 3.926973 0.688035 1.302728 
H(18) 2.290803 1.350081 1.278011 
H(19) 2.624351 -0.148444 2.166535 
C(20) 2.866559 0.418578 -1.261119 
H(21) 3.926976 0.688045 -1.302718 
H(22) 2.624357 -0.148428 -2.166535 
H(23) 2.290805 1.350090 -1.277999 
 
Table B.14 The principal axis coordinates of rotamer aa(M,a) of isoamyl acetate. 
atom a b c 
C(1) 2.415659 0.082396 -0.022230 
O(2) 2.504624 1.256059 -0.313572 
O(3) 1.234789 -0.567767 0.104984 
C(4) 3.566097 -0.854003 0.244000 
H(5) 3.472163 -1.277701 1.246481 
H(6) 3.540328 -1.679107 -0.471708 
H(7) 4.504634 -0.309122 0.152772 
C(8) 0.068524 0.248715 -0.132070 
H(9) 0.086305 1.092835 0.561589 
H(10) 0.111330 0.643945 -1.152913 
C(11) -1.145757 -0.638048 0.065128 
H(12) -1.198069 -0.955042 1.115212 
H(13) -1.014249 -1.542240 -0.541344 
C(14) -2.462091 0.045131 -0.325451 
H(15) -2.401322 0.313989 -1.390014 
C(16) -2.707438 1.322550 0.482878 
H(17) -3.691274 1.742783 0.249767 
H(18) -2.681475 1.101145 1.557031 
H(19) -1.959993 2.094300 0.276899 
C(20) -3.627289 -0.930317 -0.145276 
H(21) -4.570508 -0.480694 -0.472244 
H(22) -3.468094 -1.848386 -0.720370 
H(23) -3.732084 -1.204895 0.911106 
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Table B.15 The principal axis coordinates of rotamer aP(a,P) of isoamyl acetate. 
atom a b c 
C(1) -2.154492 0.095380 0.022661 
O(2) -2.657023 -0.937071 0.411797 
O(3) -0.862622 0.195434 -0.370801 
C(4) -2.850465 1.425773 -0.107269 
H(5) -2.276024 2.200251 0.405311 
H(6) -2.913269 1.698707 -1.163819 
H(7) -3.851826 1.353418 0.314936 
C(8) -0.113556 -1.036623 -0.313292 
H(9) -0.140059 -1.422323 0.709146 
H(10) -0.592428 -1.775174 -0.963236 
C(11) 1.298201 -0.725515 -0.771212 
H(12) 1.275386 -0.438732 -1.829929 
H(13) 1.879811 -1.656429 -0.702838 
C(14) 2.007207 0.368395 0.036459 
H(15) 1.450942 1.303347 -0.103665 
C(16) 3.427747 0.564825 -0.497425 
H(17) 3.933574 1.385435 0.021711 
H(18) 4.021368 -0.345351 -0.348100 
H(19) 3.420074 0.792397 -1.568736 
C(20) 2.037824 0.045438 1.531841 
H(21) 2.618147 0.799166 2.074135 
H(22) 1.035153 0.022523 1.968972 
H(23) 2.509187 -0.930244 1.705161 
 
Table B.16 The principal axis coordinates of rotamer aP(P,M) of isoamyl acetate. 
atom a b c 
C(1) -1.985303 0.049230 0.075276 
O(2) -2.507133 -0.996300 0.398384 
O(3) -0.704989 0.143965 -0.356499 
C(4) -2.633525 1.409559 0.105335 
H(5) -2.162561 2.015251 0.884374 
H(6) -2.486032 1.917462 -0.849833 
H(7) -3.695943 1.300174 0.319067 
C(8) 0.009791 -1.108804 -0.405510 
H(9) 0.024864 -1.547425 0.595920 
H(10) -0.531490 -1.797092 -1.061860 
C(11) 1.408527 -0.852072 -0.935314 
H(12) 1.338322 -0.455312 -1.955649 
H(13) 1.883222 -1.840133 -1.011859 
C(14) 2.314457 0.060151 -0.086589 
H(15) 3.337594 -0.114129 -0.447793 
C(16) 2.278456 -0.314528 1.397155 
H(17) 3.043320 0.240752 1.949630 
H(18) 1.307423 -0.067935 1.840544 
H(19) 2.462286 -1.384353 1.547781 
C(20) 2.018483 1.551750 -0.276443 
H(21) 2.763342 2.154623 0.254745 
H(22) 2.052929 1.827243 -1.336005 
H(23) 1.028607 1.808709 0.107525 
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Table B.17 The principal axis coordinates of rotamer aP(M,a) of isoamyl acetate. 
atom a b c 
C(1) 2.157614 0.029763 -0.016201 
O(2) 2.635874 -0.872802 -0.669998 
O(3) 0.871855 0.047155 0.405911 
C(4) 2.878640 1.271181 0.442548 
H(5) 2.362667 2.157655 0.065994 
H(6) 2.869912 1.317872 1.534152 
H(7) 3.904593 1.250166 0.077637 
C(8) 0.093675 -1.109228 0.028268 
H(9) 0.135492 -1.231552 -1.059335 
H(10) 0.547878 -1.993304 0.485569 
C(11) -1.330584 -0.901273 0.513196 
H(12) -1.299523 -0.502197 1.535938 
H(13) -1.802746 -1.890867 0.573846 
C(14) -2.205734 -0.005252 -0.372151 
H(15) -2.258040 -0.475786 -1.365170 
C(16) -1.638385 1.406435 -0.541686 
H(17) -2.331658 2.024064 -1.123065 
H(18) -1.493476 1.880125 0.435977 
H(19) -0.673867 1.402095 -1.054762 
C(20) -3.623845 0.058304 0.200681 
H(21) -4.284660 0.640063 -0.450041 
H(22) -4.052227 -0.943068 0.316121 
H(23) -3.612923 0.539061 1.186242 
 
Table B.18 The principal axis coordinates of rotamer MM(a,P) of isoamyl acetate. 
atom a b c 
C(1) 1.905351 -0.011838 -0.169090 
O(2) 1.971333 -0.912899 -0.978280 
O(3) 1.029055 0.012596 0.862416 
C(4) 2.751702 1.234755 -0.166414 
H(5) 2.130169 2.085008 -0.461950 
H(6) 3.134824 1.431131 0.836645 
H(7) 3.571150 1.118748 -0.874688 
C(8) 0.104916 -1.096652 0.918184 
H(9) 0.657310 -2.021049 0.731151 
H(10) -0.257752 -1.090902 1.949188 
C(11) -1.050528 -0.961636 -0.064590 
H(12) -1.574601 -1.927707 -0.056133 
H(13) -0.651708 -0.835320 -1.078569 
C(14) -2.070122 0.142598 0.241898 
H(15) -2.400631 0.016195 1.283709 
C(16) -3.290357 -0.022677 -0.668863 
H(17) -4.047645 0.738032 -0.452923 
H(18) -2.995375 0.083626 -1.719759 
H(19) -3.750343 -1.008685 -0.544540 
C(20) -1.490640 1.552384 0.086658 
H(21) -2.272727 2.303634 0.241880 
H(22) -0.683100 1.744186 0.795967 
H(23) -1.094287 1.686335 -0.927960 
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Table B.19 The principal axis coordinates of rotamer MM(P,M) of isoamyl acetate. 
atom a b c 
C(1) 1.794319 0.008777 0.041337 
O(2) 2.078585 -0.741023 -0.868597 
O(3) 0.722547 -0.160678 0.850924 
C(4) 2.547540 1.257591 0.419710 
H(5) 1.988420 2.126447 0.059703 
H(6) 2.636695 1.338255 1.504271 
H(7) 3.531006 1.243825 -0.048895 
C(8) -0.124653 -1.287025 0.532919 
H(9) 0.505607 -2.154321 0.318918 
H(10) -0.682624 -1.467771 1.452948 
C(11) -1.057372 -1.020822 -0.641132 
H(12) -1.658940 -1.933905 -0.755022 
H(13) -0.463352 -0.920070 -1.555725 
C(14) -2.013233 0.178046 -0.506180 
H(15) -2.746405 0.064673 -1.316958 
C(16) -1.322321 1.531374 -0.712635 
H(17) -2.068512 2.329993 -0.788129 
H(18) -0.662249 1.765918 0.126659 
H(19) -0.729265 1.535549 -1.634110 
C(20) -2.778822 0.162414 0.819137 
H(21) -3.556425 0.933269 0.821993 
H(22) -3.262507 -0.805817 0.991858 
H(23) -2.108210 0.367739 1.660734 
 
Table B.20 The principal axis coordinates of rotamer MM(M,a) of isoamyl acetate. 
atom a b c 
C(1) 1.904702 -0.060728 -0.144891 
O(2) 2.043640 -1.241015 0.097192 
O(3) 0.984315 0.727803 0.457655 
C(4) 2.701689 0.733647 -1.147545 
H(5) 2.058062 0.988944 -1.994033 
H(6) 3.051023 1.665526 -0.698957 
H(7) 3.543642 0.136759 -1.495815 
C(8) 0.109400 0.060003 1.393826 
H(9) 0.705208 -0.587459 2.042467 
H(10) -0.312976 0.873081 1.985882 
C(11) -0.974442 -0.739707 0.683375 
H(12) -1.694331 -1.066621 1.448118 
H(13) -0.529755 -1.643161 0.253490 
C(14) -1.722944 0.031809 -0.409878 
H(15) -1.000808 0.293519 -1.194601 
C(16) -2.340890 1.326796 0.120970 
H(17) -2.938315 1.814776 -0.656289 
H(18) -3.003690 1.114544 0.969505 
H(19) -1.577592 2.038418 0.449266 
C(20) -2.796536 -0.864979 -1.030249 
H(21) -3.300548 -0.359326 -1.860478 
H(22) -2.362538 -1.796278 -1.409201 
H(23) -3.555568 -1.124412 -0.282254 
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Table B.21 The principal axis coordinates of rotamer Ma(a,P) of isoamyl acetate. 
atom a b c 
C(1) -2.191757 0.144071 0.113807 
O(2) -1.875068 0.961103 0.952443 
O(3) -1.382669 -0.858114 -0.304530 
C(4) -3.509349 0.096682 -0.615828 
H(5) -3.351751 0.398870 -1.654835 
H(6) -3.904361 -0.920801 -0.618029 
H(7) -4.211417 0.780027 -0.139858 
C(8) -0.062195 -0.871972 0.281248 
H(9) -0.139110 -0.640597 1.347669 
H(10) 0.273302 -1.901526 0.152147 
C(11) 0.856444 0.117483 -0.419865 
H(12) 0.376431 1.102026 -0.409655 
H(13) 0.976625 -0.185100 -1.469069 
C(14) 2.236322 0.232000 0.239101 
H(15) 2.086346 0.560349 1.277559 
C(16) 3.070523 1.292414 -0.482914 
H(17) 4.042445 1.426150 0.003339 
H(18) 3.251298 0.990138 -1.521439 
H(19) 2.556890 2.259195 -0.494423 
C(20) 2.978009 -1.107897 0.253608 
H(21) 3.989276 -0.984378 0.654878 
H(22) 2.469146 -1.858221 0.866233 
H(23) 3.066274 -1.503067 -0.766009 
 
Table B.22 The principal axis coordinates of rotamer Ma(P,M) of isoamyl acetate. 
atom a b c 
C(1) 2.122284 0.159226 -0.056304 
O(2) 1.782029 1.321523 -0.124589 
O(3) 1.290767 -0.884412 -0.286248 
C(4) 3.500302 -0.334618 0.301570 
H(5) 3.469424 -0.786378 1.296843 
H(6) 3.822691 -1.101190 -0.405413 
H(7) 4.196103 0.503384 0.302622 
C(8) -0.081297 -0.530224 -0.572728 
H(9) -0.089554 0.345275 -1.225191 
H(10) -0.471272 -1.394772 -1.111668 
C(11) -0.845684 -0.278122 0.719463 
H(12) -0.345734 0.529792 1.265174 
H(13) -0.782295 -1.184098 1.335383 
C(14) -2.322321 0.097575 0.514116 
H(15) -2.748410 0.218835 1.519118 
C(16) -3.110661 -1.010486 -0.191312 
H(17) -4.180461 -0.777321 -0.197134 
H(18) -2.795055 -1.121347 -1.234513 
H(19) -2.975999 -1.975075 0.310336 
C(20) -2.479029 1.433271 -0.219872 
H(21) -3.528034 1.747489 -0.225292 
H(22) -1.887324 2.219671 0.259892 
H(23) -2.154387 1.355818 -1.262954 
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Table B.23 The principal axis coordinates of rotamer Ma(M,a) of isoamyl acetate. 
atom a b c 
C(1) -2.143918 0.158935 -0.151963 
O(2) -1.737749 1.166522 -0.691319 
O(3) -1.424847 -0.558182 0.744010 
C(4) -3.488966 -0.480704 -0.381154 
H(5) -3.351479 -1.400535 -0.956285 
H(6) -3.950138 -0.745714 0.571879 
H(7) -4.125444 0.205221 -0.938676 
C(8) -0.086563 -0.071888 0.990264 
H(9) -0.116709 1.016954 1.061537 
H(10) 0.183046 -0.497279 1.960112 
C(11) 0.870572 -0.541690 -0.094263 
H(12) 0.585928 -0.082646 -1.048879 
H(13) 0.756469 -1.628063 -0.199364 
C(14) 2.338313 -0.213519 0.205853 
H(15) 2.602282 -0.676061 1.168482 
C(16) 2.575071 1.296262 0.309207 
H(17) 3.640989 1.510542 0.439840 
H(18) 2.238038 1.794640 -0.607530 
H(19) 2.041242 1.744482 1.152225 
C(20) 3.236151 -0.818552 -0.875880 
H(21) 4.293224 -0.634009 -0.658133 
H(22) 3.086472 -1.900313 -0.955666 
H(23) 3.008355 -0.370679 -1.850376 
 
Table B.24 The principal axis coordinates of rotamer MP(a,P) of isoamyl acetate. 
atom a b c 
C(1) -1.792518 -0.223190 0.041639 
O(2) -1.551378 -1.134311 -0.721216 
O(3) -1.176179 0.982884 0.013923 
C(4) -2.797352 -0.264451 1.164358 
H(5) -2.263046 -0.302388 2.117905 
H(6) -3.409420 0.639219 1.158330 
H(7) -3.420508 -1.151809 1.060605 
C(8) -0.128635 1.169411 -0.964707 
H(9) -0.221068 0.408972 -1.741934 
H(10) -0.313082 2.155061 -1.398399 
C(11) 1.226686 1.129537 -0.276085 
H(12) 1.228812 1.892159 0.512883 
H(13) 1.988524 1.425130 -1.012325 
C(14) 1.612459 -0.229121 0.320574 
H(15) 0.791072 -0.567278 0.967250 
C(16) 2.862924 -0.075328 1.189976 
H(17) 3.148798 -1.032133 1.638877 
H(18) 3.706436 0.277515 0.584081 
H(19) 2.699657 0.646724 1.997074 
C(20) 1.840681 -1.282502 -0.765778 
H(21) 2.147479 -2.233838 -0.318524 
H(22) 0.936679 -1.468437 -1.350859 
H(23) 2.640172 -0.957012 -1.443268 
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Table B.25 The principal axis coordinates of rotamer MP(M,a) of isoamyl acetate. 
atom a b c 
C(1) 1.757979 -0.110914 0.234084 
O(2) 1.487618 -0.235074 1.409353 
O(3) 1.131093 0.744778 -0.609697 
C(4) 2.827583 -0.872623 -0.505777 
H(5) 2.385005 -1.403584 -1.352105 
H(6) 3.566952 -0.172297 -0.901962 
H(7) 3.305417 -1.578149 0.172559 
C(8) 0.093640 1.578958 -0.048370 
H(9) 0.226789 1.630585 1.034808 
H(10) 0.261629 2.567300 -0.483592 
C(11) -1.299539 1.075045 -0.394931 
H(12) -1.422920 1.054469 -1.486121 
H(13) -1.991937 1.838742 -0.013469 
C(14) -1.678823 -0.293245 0.198869 
H(15) -1.175416 -0.396790 1.168720 
C(16) -1.243503 -1.451419 -0.705156 
H(17) -1.471718 -2.414267 -0.235919 
H(18) -1.784377 -1.402567 -1.658447 
H(19) -0.175202 -1.426869 -0.929961 
C(20) -3.191315 -0.365330 0.427821 
H(21) -3.483594 -1.347077 0.814971 
H(22) -3.521087 0.396250 1.142188 
H(23) -3.727384 -0.201726 -0.515181 
 
Table B.26 The principal axis coordinates of rotamer aa of n-propyl acetate. 
atom a b c 
C(1) 1.529057 0.119627 -0.000023 
O(2) 1.613381 1.329245 0.000013 
O(3) 0.350223 -0.546147 0.000188 
C(4) 2.683808 -0.848613 -0.000330 
H(5) 2.626549 -1.489668 0.882403 
H(6) 2.626395 -1.489256 -0.883358 
H(7) 3.620946 -0.293849 -0.000296 
C(8) -0.819709 0.296328 0.000408 
H(9) -0.797247 0.939288 0.886157 
H(10) -0.797479 0.939419 -0.885250 
C(11) -2.036956 -0.606240 0.000348 
H(12) -1.999964 -1.253711 -0.881791 
H(13) -2.000812 -1.253255 0.882843 
C(14) -3.327246 0.215462 -0.000532 
H(15) -3.382496 0.858152 -0.884785 
H(16) -4.204951 -0.435893 -0.003378 
H(17) -3.385867 0.854962 0.885813 
  
171 
APPENDIX B: ATOM POSITIONS FROM GAUSSIAN OUTPUT 
 
Table B.27 The principal axis coordinates of rotamer aM of n-propyl acetate. 
atom a b c 
C(1) -1.411809 -0.016274 -0.031673 
O(2) -1.788850 -1.121220 -0.358830 
O(3) -0.120011 0.280639 0.241562 
C(4) -2.281002 1.204495 0.130060 
H(5) -2.197789 1.583102 1.151441 
H(6) -1.940065 1.991063 -0.547317 
H(7) -3.315329 0.943977 -0.090001 
C(8) 0.795273 -0.828719 0.125542 
H(9) 0.480737 -1.620363 0.811768 
H(10) 0.748632 -1.221576 -0.895576 
C(11) 2.180989 -0.309530 0.455432 
H(12) 2.181877 0.079534 1.479523 
H(13) 2.864042 -1.167423 0.436846 
C(14) 2.659261 0.761267 -0.524584 
H(15) 2.003776 1.634831 -0.495219 
H(16) 3.675481 1.086554 -0.285109 
H(17) 2.662118 0.371672 -1.548152 
 
Table B.28 The principal axis coordinates of rotamer Pa of n-propyl acetate. 
atom a b c 
C(1) -1.360789 0.168067 -0.044952 
O(2) -1.069797 1.328463 -0.242675 
O(3) -0.502199 -0.864899 -0.220555 
C(4) -2.697231 -0.334736 0.436270 
H(5) -3.026693 -1.176960 -0.174822 
H(6) -2.595578 -0.686083 1.466669 
H(7) -3.424181 0.475400 0.397089 
C(8) 0.834641 -0.497110 -0.620164 
H(9) 1.239989 -1.401435 -1.079594 
H(10) 0.780347 0.299173 -1.367530 
C(11) 1.677856 -0.067162 0.569212 
H(12) 1.222289 0.815761 1.026543 
H(13) 1.671135 -0.872361 1.312008 
C(14) 3.111609 0.244983 0.137514 
H(15) 3.129524 1.059131 -0.593750 
H(16) 3.720581 0.547934 0.993125 
H(17) 3.584185 -0.631420 -0.317975 
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Table B.29 The principal axis coordinates of rotamer PM of n-propyl acetate. 
atom a b c 
C(1) 1.183521 0.062733 0.122561 
O(2) 1.052753 0.875992 1.011253 
O(3) 0.272705 -0.895482 -0.179702 
C(4) 2.357898 -0.027439 -0.817938 
H(5) 2.707724 -1.059006 -0.887784 
H(6) 2.040856 0.287950 -1.815866 
H(7) 3.155400 0.625198 -0.465242 
C(8) -0.942068 -0.916356 0.601520 
H(9) -1.123655 -1.970895 0.820788 
H(10) -0.778104 -0.370232 1.533199 
C(11) -2.089990 -0.316826 -0.194918 
H(12) -3.000701 -0.438575 0.404706 
H(13) -2.227182 -0.901393 -1.111486 
C(14) -1.880918 1.158728 -0.534609 
H(15) -1.002282 1.293348 -1.171612 
H(16) -2.745734 1.557555 -1.072239 
H(17) -1.731408 1.751637 0.372113 
 
Table B.30 The principal axis coordinates of rotamer PP of n-propyl acetate. 
atom a b c 
C(1) -1.248044 -0.071836 -0.045144 
O(2) -1.279495 -1.156434 -0.586510 
O(3) -0.230998 0.348558 0.743986 
C(4) -2.305025 0.996984 -0.153346 
H(5) -2.559157 1.378325 0.837347 
H(6) -1.912520 1.829641 -0.743506 
H(7) -3.186506 0.585816 -0.643515 
C(8) 0.873470 -0.573184 0.878650 
H(9) 1.375340 -0.254575 1.795385 
H(10) 0.480650 -1.584674 1.005817 
C(11) 1.815606 -0.493493 -0.312636 
H(12) 2.624553 -1.213612 -0.137912 
H(13) 1.283957 -0.824258 -1.209763 
C(14) 2.395433 0.906754 -0.511931 
H(15) 1.601871 1.636635 -0.692181 
H(16) 2.952173 1.227790 0.374824 
H(17) 3.077669 0.929081 -1.366325 
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Table B.31 The principal axis coordinates of methyl acetate. 
atom a b c 
C(1) -0.461784 -0.000012 0.129703 
O(2) -0.322715 -0.000002 1.333697 
O(3) 0.576538 -0.000018 -0.739151 
C(4) -1.772379 0.000010 -0.612521 
H(5) -1.832323 0.882961 -1.252854 
H(6) -1.832133 -0.882624 -1.253305 
H(7) -2.593120 -0.000244 0.103049 
C(8) 1.869376 0.000015 -0.114433 
H(9) 2.585965 -0.000002 -0.933468 
H(10) 1.993343 0.889241 0.506000 
H(11) 1.993362 -0.889169 0.506056 
 
Table B.32 The principal axis coordinates of methyl acetate-d3. 
atom a b c 
C(1) 1.718205 -0.493800 0.001628 
D(2) 2.500525 0.261205 -0.058606 
D(3) 1.791451 -1.183411 -0.841934 
D(4) 1.831187 -1.074970 0.919979 
C(5) 0.371288 0.180245 -0.003354 
O(6) 0.170844 1.375552 -0.000492 
O(7) -0.621227 -0.740573 -0.004765 
C(8) -1.944307 -0.182792 0.003947 
H(9) -2.104220 0.433941 -0.882097 
H(10) -2.618069 -1.037402 0.003967 
H(11) -2.095431 0.427088 0.896278 
 
Table B.33 The principal axis coordinates of rotamer aa(P,M) of ethyl isovalerate. 
atom a b c 
O(1) 0.033772 1.263049 0.003819 
O(2) 1.465096 -0.481160 -0.001567 
C(1) -2.627710 0.222356 1.267468 
C(2) -2.627405 0.231628 -1.265613 
C(3) -2.275416 -0.558328 -0.001907 
C(4) -0.817335 -1.029283 -0.003495 
C(5) 0.227815 0.067238 0.000017 
C(6) 2.543999 0.473920 0.001582 
C(7) 3.834411 -0.317800 -0.000762 
H(1) -3.700892 0.436915 1.296362 
H(2) -2.085664 1.169939 1.300056 
H(3) -2.375129 -0.354963 2.163805 
H(4) -3.700556 0.446516 -1.293132 
H(5) -2.085247 1.179369 -1.291182 
H(6) -2.374720 -0.339156 -2.166095 
H(7) -2.879954 -1.475891 -0.005315 
H(8) -0.617921 -1.662391 0.869938 
H(9) -0.617976 -1.656636 -0.881080 
H(10) 2.455641 1.109545 0.887004 
H(11) 2.455855 1.115124 -0.879829 
H(12) 4.688672 0.364940 0.001497 
H(13) 3.893490 -0.954804 0.884503 
H(14) 3.893704 -0.949202 -0.890017 
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Table B.34 The principal axis coordinates of rotamer aa(a,P) of ethyl isovalerate. 
atom a b c 
O(1) 0.419045 1.608566 0.677041 
O(2) 1.265712 -0.163862 -0.444040 
C(1) -1.667843 -1.251880 0.992411 
C(2) -3.425751 -0.256016 -0.515153 
C(3) -2.093358 -0.017767 0.194956 
C(4) -1.010471 0.373109 -0.822508 
C(5) 0.281211 0.702826 -0.115601 
C(6) 2.517538 0.072660 0.231015 
C(7) 3.485017 -0.988308 -0.248755 
H(1) -1.490387 -2.098198 0.318657 
H(2) -2.448306 -1.539444 1.704020 
H(3) -0.748957 -1.069303 1.558380 
H(4) -4.211314 -0.505894 0.205022 
H(5) -3.741702 0.632041 -1.071986 
H(6) -3.337150 -1.089298 -1.221769 
H(7) -2.204064 0.824989 0.888334 
H(8) -0.849176 -0.439648 -1.536870 
H(9) -1.328008 1.268005 -1.369019 
H(10) 2.354351 0.020282 1.311141 
H(11) 2.864588 1.082112 -0.006106 
H(12) 4.455766 -0.851919 0.236014 
H(13) 3.110048 -1.985130 -0.006273 
H(14) 3.621614 -0.919798 -1.330258 
 
Table B.35 The principal axis coordinates of rotamer aP(a,P) of ethyl isovalerate. 
atom a b c 
O(1) -0.673535 -0.807069 1.175556 
O(2) -1.197149 0.457322 -0.631354 
C(1) 1.982225 1.404140 0.458767 
C(2) 3.420594 -0.456292 -0.449723 
C(3) 2.094218 -0.103039 0.222742 
C(4) 0.916918 -0.608962 -0.623990 
C(5) -0.391620 -0.359153 0.085288 
C(6) -2.464901 0.763232 -0.012130 
C(7) -3.471065 -0.348454 -0.250404 
H(1) 1.978323 1.940143 -0.497487 
H(2) 2.829347 1.766471 1.049791 
H(3) 1.064108 1.660367 0.996671 
H(4) 4.266623 -0.123709 0.160050 
H(5) 3.511990 -1.536623 -0.601741 
H(6) 3.494841 0.034144 -1.427209 
H(7) 2.037727 -0.613365 1.191926 
H(8) 0.911102 -0.118977 -1.602073 
H(9) 1.010788 -1.690800 -0.771800 
H(10) -2.308212 0.930131 1.055726 
H(11) -2.777335 1.694180 -0.487072 
H(12) -4.447301 -0.058468 0.149747 
H(13) -3.575728 -0.539142 -1.321275 
H(14) -3.149191 -1.264135 0.248197 
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Table B.36 The principal axis coordinates of rotamer aM(a,P) of ethyl isovalerate. 
atom a b c 
O(1) -0.687562 -0.994531 1.203686 
O(2) -1.239102 -0.292256 -0.879497 
C(1) 1.503190 1.588457 0.104566 
C(2) 3.405295 -0.039871 -0.185589 
C(3) 1.961330 0.139821 0.282396 
C(4) 1.032913 -0.822108 -0.474513 
C(5) -0.374413 -0.731957 0.062658 
C(6) -2.603383 -0.138707 -0.432763 
C(7) -2.793747 1.180341 0.294928 
H(1) 1.507088 1.861144 -0.957242 
H(2) 2.172618 2.272882 0.635333 
H(3) 0.490793 1.742326 0.490590 
H(4) 4.078847 0.622530 0.367391 
H(5) 3.743095 -1.070961 -0.039694 
H(6) 3.493173 0.201330 -1.251248 
H(7) 1.896255 -0.119357 1.346290 
H(8) 1.040506 -0.596408 -1.544921 
H(9) 1.376215 -1.852147 -0.326943 
H(10) -3.191989 -0.177595 -1.350279 
H(11) -2.865494 -0.983098 0.208175 
H(12) -2.214034 1.190799 1.219385 
H(13) -2.475152 2.010838 -0.339939 
H(14) -3.850037 1.317815 0.545327 
 
Table B.37 The principal axis coordinates of rotamer aM(P,M) of ethyl isovalerate. 
atom a b c 
O(1) -0.260840 0.389360 1.039327 
O(2) -1.447217 -0.736079 -0.522525 
C(1) 2.319453 1.435407 -0.366366 
C(2) 2.649352 -0.736789 0.894657 
C(3) 2.235962 -0.092273 -0.431447 
C(4) 0.861211 -0.576430 -0.904184 
C(5) -0.304321 -0.233549 0.000698 
C(6) -2.642912 -0.465249 0.237760 
C(7) -3.179792 0.922697 -0.063347 
H(1) 3.344918 1.751221 -0.148865 
H(2) 1.665472 1.824145 0.417160 
H(3) 2.024132 1.883716 -1.321541 
H(4) 3.681546 -0.468782 1.142337 
H(5) 2.001229 -0.398492 1.706039 
H(6) 2.590142 -1.829131 0.833283 
H(7) 2.945291 -0.430265 -1.199568 
H(8) 0.628010 -0.161500 -1.892712 
H(9) 0.859175 -1.666313 -1.027863 
H(10) -3.342582 -1.240606 -0.077078 
H(11) -2.423926 -0.579692 1.301421 
H(12) -2.475132 1.683959 0.275358 
H(13) -3.345556 1.038254 -1.137261 
H(14) -4.131407 1.074049 0.455104 
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Table B.38 The principal axis coordinates of rotamer PM(P,M) of ethyl isovalerate. 
atom a b c 
O(1) -0.448701 -1.390239 0.759032 
O(2) -1.183027 -0.023084 -0.891484 
C(1) 1.460275 1.696263 -0.209965 
C(2) 2.488841 -0.208982 1.085593 
C(3) 2.053151 0.287991 -0.294063 
C(4) 1.080288 -0.693606 -0.982377 
C(5) -0.243887 -0.768747 -0.262021 
C(6) -2.473792 0.005980 -0.246738 
C(7) -2.499314 1.018384 0.884714 
H(1) 2.209436 2.403809 0.159527 
H(2) 0.610179 1.718962 0.479916 
H(3) 1.109275 2.041479 -1.187450 
H(4) 2.936696 -1.205700 1.021058 
H(5) 3.228449 0.473514 1.516821 
H(6) 1.636064 -0.269950 1.767254 
H(7) 2.942480 0.330357 -0.936928 
H(8) 1.516323 -1.697585 -0.978665 
H(9) 0.908266 -0.378834 -2.014885 
H(10) -3.165936 0.280918 -1.043759 
H(11) -2.712111 -0.995569 0.117457 
H(12) -1.810143 0.720730 1.676751 
H(13) -2.217835 2.007350 0.514677 
H(14) -3.507360 1.078203 1.306287 
 
Table B.39 The principal axis coordinates of rotamer PM(M,a) of ethyl isovalerate. 
atom a b c 
O(1) -0.964829 -1.142207 1.195234 
O(2) -1.034922 -0.221287 -0.874561 
C(1) 1.588149 1.222434 0.970758 
C(2) 3.778038 1.090913 -0.717269 
C(3) 1.776645 0.363146 -0.280454 
C(4) 1.059496 -0.988666 -0.130691 
C(5) -0.409432 -0.819695 0.168364 
C(6) -2.439313 0.042885 -0.678106 
C(7) -2.648582 1.311759 0.129202 
H(1) 0.532808 1.448747 1.151583 
H(2) 2.124319 2.171535 0.870539 
H(3) 1.976877 0.701096 1.853176 
H(4) 3.737906 -0.380663 0.269512 
H(5) 3.400587 -0.470237 -1.470341 
H(6) 1.325209 0.883283 -1.133512 
H(7) 3.260854 0.137396 -0.570381 
H(8) 1.499093 -1.559145 0.693281 
H(9) 1.166490 -1.562715 -1.057838 
H(10) -2.838335 0.141854 -1.688506 
H(11) -2.898332 -0.816689 -0.185059 
H(12) -2.262228 1.184890 1.141854 
H(13) -2.138304 2.151905 -0.348600 
H(14) -3.716565 1.541999 0.191115 
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Table B.40 The principal axis coordinates of rotamer Ma(P,M) of ethyl isovalerate. 
atom a b c 
O(1) 0.113320 -1.679081 -0.396483 
O(2) 1.182852 0.132222 0.431300 
C(1) -1.452247 1.730836 -0.425600 
C(2) -2.788808 -0.392314 -0.692774 
C(3) -2.081238 0.536563 0.295574 
C(4) -1.040517 -0.216715 1.152150 
C(5) 0.120190 -0.699160 0.317073 
C(6) 2.311283 -0.227073 -0.390013 
C(7) 3.386974 0.808698 -0.140986 
H(1) -2.224922 2.325707 -0.922992 
H(2) -0.745629 1.393677 -1.191751 
H(3) -0.909902 2.378293 0.270340 
H(4) -3.260948 -1.232404 -0.173659 
H(5) -3.564583 0.155604 -1.237459 
H(6) -2.081469 -0.803023 -1.418428 
H(7) -2.831281 0.920252 0.999926 
H(8) -1.511122 -1.093233 1.608313 
H(9) -0.665192 0.442255 1.939459 
H(10) 1.997042 -0.247458 -1.437496 
H(11) 2.641073 -1.234291 -0.120984 
H(12) 3.030459 1.804360 -0.414237 
H(13) 3.672470 0.816780 0.913275 
H(14) 4.271262 0.576788 -0.741200 
 
Table B.41 The principal axis coordinates of rotamer PP(M,a) of ethyl isovalerate. 
atom a b c 
O(1) 0.911151 1.504523 -0.434636 
O(2) 0.996187 -0.669501 0.201312 
C(1) -2.057500 0.718823 1.221087 
C(2) -3.973491 -1.079503 0.349916 
C(3) -1.919033 -0.390188 0.177009 
C(4) -0.942234 0.023730 -0.935661 
C(5) 0.412493 0.401678 -0.390005 
C(6) 2.288260 -0.417343 0.790651 
C(7) 3.386964 -0.469780 -0.255966 
H(1) -1.102138 0.937711 1.708217 
H(2) -2.773564 0.430034 1.997031 
H(3) -2.415377 1.642361 0.751487 
H(4) -3.715976 0.129289 -0.920192 
H(5) -3.184618 -1.545405 -1.169039 
H(6) -1.504894 -1.280225 0.665119 
H(7) -3.277979 -0.745993 -0.426787 
H(8) -1.332204 0.891853 -1.476041 
H(9) -0.818313 -0.806633 -1.639924 
H(10) 2.268600 0.553264 1.291181 
H(11) 2.405194 -1.209208 1.531930 
H(12) 4.364016 -0.362801 0.224962 
H(13) 3.360550 -1.426853 -0.782741 
H(14) 3.263234 0.340681 -0.976027 
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Table B.42 The principal axis coordinates of rotamer MM(P,M) of ethyl isovalerate. 
atom a b c 
O(1) 0.481377 -1.376223 -0.400577 
O(2) 1.086541 0.695469 0.288397 
C(1) -1.923608 1.501975 -0.472121 
C(2) -2.661519 -0.909225 -0.563500 
C(3) -2.175320 0.227812 0.337102 
C(4) -0.929888 -0.175372 1.156042 
C(5) 0.273866 -0.388008 0.270916 
C(6) 2.242707 0.607178 -0.570956 
C(7) 3.363094 -0.168660 0.098371 
H(1) -2.850779 1.843190 -0.943545 
H(2) -1.192238 1.319410 -1.266784 
H(3) -1.538675 2.308020 0.160145 
H(4) -2.864941 -1.813020 0.019555 
H(5) -3.582892 -0.616451 -1.077399 
H(6) -1.910009 -1.159929 -1.317043 
H(7) -2.962833 0.440853 1.072213 
H(8) -1.128792 -1.115708 1.679675 
H(9) -0.701910 0.603975 1.887812 
H(10) 1.950853 0.140987 -1.514538 
H(11) 2.525861 1.645785 -0.747380 
H(12) 4.257162 -0.148554 -0.532157 
H(13) 3.607475 0.279865 1.064390 
H(14) 3.067060 -1.207953 0.249018 
 
Table B.43 The principal axis coordinates of rotamer Ma(a,P) of ethyl isovalerate. 
atom a b c 
O(1) 0.659985 1.899154 0.148919 
O(2) 1.109174 -0.261588 -0.344357 
C(1) -1.863478 -0.113836 1.493038 
C(2) -3.673519 -1.625612 0.043025 
C(3) -1.778043 -0.561135 0.032929 
C(4) -1.066414 0.498398 -0.824080 
C(5) 0.306497 0.828830 -0.292863 
C(6) 2.433908 -0.054660 0.183019 
C(7) 3.171921 -1.370196 0.054102 
H(1) -0.870697 0.028677 1.931386 
H(2) -2.393961 -0.859230 2.094038 
H(3) -2.404707 0.836241 1.569928 
H(4) -3.787872 0.059293 -0.494224 
H(5) -3.112090 -1.172915 -1.577624 
H(6) -1.182177 -1.480105 -0.016583 
H(7) -3.169167 -0.844557 -0.534738 
H(8) -1.646163 1.426530 -0.835075 
H(9) -0.967397 0.129957 -1.851358 
H(10) 2.921133 0.745177 -0.381526 
H(11) 2.356262 0.270973 1.224212 
H(12) 2.663655 -2.151774 0.623293 
H(13) 3.223729 -1.677732 -0.992683 
H(14) 4.190235 -1.263650 0.438420 
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Table B.44 The principal axis coordinates of rotamer aaa of ethyl butyrate. 
 
aaa 
atom a b c 
C(1) -0.051760 0.312265 -0.000004 
O(2) -0.074307 1.524933 0.000055 
O(3) -1.166438 -0.456108 0.000018 
C(4) 1.190882 -0.548245 0.000141 
H(5) 1.142060 -1.205601 0.876682 
H(6) 1.141919 -1.206144 -0.875977 
C(7) 2.479924 0.266789 -0.000193 
H(8) 2.488336 0.922720 -0.876419 
H(9) 2.488436 0.923282 0.875609 
C(10) 3.716708 -0.631502 0.000019 
H(11) 4.635247 -0.037834 -0.000233 
H(12) 3.732072 -1.275734 0.885323 
H(13) 3.731961 -1.276312 -0.884867 
C(14) -2.409096 0.277956 0.000034 
H(15) -2.440664 0.919610 0.884863 
H(16) -2.440600 0.919758 -0.884686 
C(17) -3.528169 -0.741370 -0.000089 
H(18) -3.472771 -1.375226 0.887923 
H(19) -4.493305 -0.226360 -0.000062 
H(20) -3.472729 -1.375055 -0.888219 
 
Table B.45 The principal axis coordinates of rotamer aaP/aaM of ethyl butyrate. 
 
aaP aaM 
atom a b c a b c 
C(1) 0.142069 0.107676 -0.174853 -0.142070 0.107657 -0.174878 
O(2) 0.331666 1.303282 -0.252642 -0.331667 1.303261 -0.252710 
O(3) 1.120430 -0.820964 -0.296605 -1.120436 -0.820987 -0.296563 
C(4) -1.191824 -0.556425 0.077618 1.191831 -0.556435 0.077574 
H(5) -1.298916 -1.388776 -0.626767 1.145613 -1.006753 1.077631 
H(6) -1.145618 -1.006660 1.077712 1.298952 -1.388731 -0.626874 
C(7) -2.367511 0.410390 -0.022403 2.367501 0.410407 -0.022354 
H(8) -2.381951 0.854108 -1.023459 2.381946 0.854207 -1.023373 
H(9) -2.211814 1.236041 0.678526 2.211782 1.235997 0.678641 
C(10) -3.697772 -0.286164 0.263740 3.697772 -0.286144 0.263750 
H(11) -3.706885 -0.710336 1.273238 4.534360 0.413933 0.185136 
H(12) -4.534372 0.413892 0.185056 3.706879 -0.710403 1.273213 
H(13) -3.873220 -1.102091 -0.445083 3.873245 -1.102009 -0.445139 
C(14) 2.455405 -0.298803 -0.476389 -2.455413 -0.298834 -0.476360 
H(15) 3.006401 -1.126020 -0.926235 -3.006424 -1.126078 -0.926139 
H(16) 2.418298 0.538853 -1.176352 -2.418315 0.538776 -1.176381 
C(17) 3.064843 0.117246 0.850453 -3.064823 0.117312 0.850461 
H(18) 4.101420 0.432924 0.696666 -2.510787 0.951915 1.283950 
H(19) 2.510823 0.951825 1.284006 -4.101398 0.432995 0.696668 
H(20) 3.058930 -0.722700 1.549926 -3.058912 -0.722583 1.549994 
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Table B.46 The principal axis coordinates of rotamer Maa/Paa of ethyl butyrate. 
 
Maa Paa 
atom a b c a b c 
C(1) 0.100084 0.355162 0.287577 -0.100293 0.358727 0.285592 
O(2) 0.187770 1.463707 -0.198127 -0.187440 1.463290 -0.209231 
O(3) -1.043569 -0.366838 0.298279 1.042867 -0.363864 0.302002 
C(4) 1.225530 -0.383047 0.977053 -1.226216 -0.373043 0.981117 
H(5) 1.216747 -0.054910 2.024099 -1.007610 -1.444926 0.986093 
H(6) 1.007515 -1.455051 0.970595 -1.219301 -0.033895 2.024658 
C(7) 2.579968 -0.083778 0.333446 -2.579843 -0.081246 0.332337 
H(8) 3.366529 -0.530951 0.951147 -3.367085 -0.522815 0.953191 
H(9) 2.739669 0.998739 0.332315 -2.740316 1.001092 0.320173 
C(10) 2.671068 -0.624841 -1.093831 -2.668198 -0.636563 -1.089634 
H(11) 1.917414 -0.158963 -1.735809 -3.649586 -0.437191 -1.529595 
H(12) 3.653041 -0.420432 -1.530155 -1.913819 -0.176551 -1.734998 
H(13) 2.513078 -1.708591 -1.108786 -2.509402 -1.720286 -1.093584 
C(14) -2.182266 0.294512 -0.294067 2.181782 0.291737 -0.296328 
H(15) -2.370371 1.225900 0.247111 2.371044 1.227219 0.237338 
H(16) -1.943346 0.547767 -1.330468 1.942412 0.536961 -1.334548 
C(17) -3.350907 -0.662906 -0.199544 3.349607 -0.665958 -0.194927 
H(18) -3.564403 -0.909620 0.843045 4.239273 -0.207147 -0.636082 
H(19) -4.240466 -0.199762 -0.636360 3.563632 -0.904496 0.849454 
H(20) -3.137768 -1.586387 -0.742829 3.135239 -1.593570 -0.730639 
 
Table B.47 The principal axis coordinates of rotamer MaP/PaM of ethyl butyrate. 
 
MaP PaM 
atom a b c a b c 
C(1) 0.007474 -0.547105 0.185566 -0.007474 -0.547106 0.185565 
O(2) -0.112780 -0.251338 1.356466 0.112781 -0.251346 1.356466 
O(3) -1.024674 -0.604235 -0.687262 1.024673 -0.604232 -0.687264 
C(4) 1.311402 -0.926559 -0.479722 -1.311404 -0.926559 -0.479724 
H(5) 1.460307 -1.996165 -0.285970 -1.212140 -0.800774 -1.561676 
H(6) 1.212138 -0.800776 -1.561675 -1.460309 -1.996165 -0.285972 
C(7) 2.484427 -0.114836 0.072194 -2.484427 -0.114834 0.072194 
H(8) 3.414392 -0.516394 -0.345062 -3.414392 -0.516390 -0.345063 
H(9) 2.527601 -0.248469 1.157382 -2.527601 -0.248469 1.157382 
C(10) 2.364075 1.371756 -0.265179 -2.364073 1.371759 -0.265177 
H(11) 1.460192 1.800358 0.178503 -3.221251 1.933005 0.117842 
H(12) 3.221255 1.933002 0.117837 -1.460189 1.800358 0.178507 
H(13) 2.318308 1.521724 -1.349210 -2.318305 1.521728 -1.349206 
C(14) -2.322179 -0.281930 -0.137712 2.322178 -0.281930 -0.137714 
H(15) -3.026862 -0.755503 -0.822845 2.412793 -0.735526 0.851649 
H(16) -2.412793 -0.735522 0.851653 3.026861 -0.755498 -0.822850 
C(17) -2.530916 1.220743 -0.078382 2.530915 1.220744 -0.078378 
H(18) -3.546734 1.438193 0.266077 1.825076 1.679864 0.616154 
H(19) -1.825078 1.679866 0.616147 3.546733 1.438192 0.266082 
H(20) -2.399471 1.660697 -1.070291 2.399468 1.660701 -1.070284 
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Table B.48 The principal axis coordinates of rotamer MaM/PaP of ethyl butyrate. 
 
MaM PaP 
atom a b c a b c 
C(1) 0.009639 0.182651 0.027254 -0.009639 0.182653 0.027257 
O(2) 0.103722 0.213150 1.236791 -0.103723 0.213139 1.236793 
O(3) 0.968188 -0.309876 -0.791089 -0.968188 -0.309868 -0.791092 
C(4) -1.167424 0.706822 -0.764389 1.167425 0.706831 -0.764380 
H(5) -0.961348 1.767276 -0.957920 1.198754 0.201657 -1.734276 
H(6) -1.198754 0.201637 -1.734278 0.961349 1.767288 -0.957900 
C(7) -2.484860 0.545743 -0.005636 2.484861 0.545742 -0.005630 
H(8) -3.272295 1.068754 -0.559378 3.272296 1.068759 -0.559367 
H(9) -2.392772 1.031316 0.970635 2.392773 1.031303 0.970647 
C(10) -2.868169 -0.923169 0.177567 2.868166 -0.923173 0.177556 
H(11) -2.111294 -1.453020 0.763512 3.823187 -1.017919 0.702374 
H(12) -3.823189 -1.017908 0.702387 2.111292 -1.453030 0.763494 
H(13) -2.964134 -1.422860 -0.792374 2.964132 -1.422852 -0.792391 
C(14) 2.175981 -0.756185 -0.134495 -2.175980 -0.756184 -0.134503 
H(15) 2.633013 -1.437483 -0.853556 -2.633012 -1.437476 -0.853572 
H(16) 1.906566 -1.305898 0.769983 -1.906566 -1.305905 0.769969 
C(17) 3.091496 0.412850 0.181745 -3.091496 0.412847 0.181748 
H(18) 2.625878 1.081707 0.907836 -4.029397 0.041034 0.605873 
H(19) 4.029396 0.041042 0.605874 -2.625879 1.081698 0.907846 
H(20) 3.321128 0.971719 -0.729136 -3.321128 0.971724 -0.729126 
 
Table B.49 The principal axis coordinates of rotamer PPa/MMa of ethyl butyrate. 
 
PPa MMa 
atom a b c a b c 
C(1) -0.171072 0.809006 -0.164620 0.170990 0.808506 -0.165078 
O(2) 0.022954 1.791573 0.520386 -0.022591 1.791331 0.519699 
O(3) 0.761293 -0.152204 -0.368831 -0.761525 -0.152710 -0.368419 
C(4) -1.451396 0.473242 -0.892264 1.450934 0.472343 -0.893170 
H(5) -1.243942 0.482252 -1.968228 1.242853 0.479991 -1.969015 
H(6) -2.165102 1.271235 -0.670495 2.164555 1.270767 -0.672710 
C(7) -2.013902 -0.892700 -0.476110 2.014048 -0.892986 -0.475725 
H(8) -2.947449 -1.062342 -1.024166 1.313192 -1.677510 -0.776578 
H(9) -1.313034 -1.676712 -0.778268 2.947322 -1.063021 -1.024125 
C(10) -2.274503 -0.975096 1.028134 2.275543 -0.973552 1.028463 
H(11) -2.960874 -0.184667 1.349183 2.716359 -1.937362 1.299086 
H(12) -2.714824 -1.939367 1.297910 2.961831 -0.182515 1.348188 
H(13) -1.345083 -0.861960 1.595952 1.346429 -0.860073 1.596713 
C(14) 2.023406 0.076202 0.292158 -2.023321 0.076079 0.293027 
H(15) 2.437365 1.026794 -0.055329 -2.436609 1.027312 -0.053478 
H(16) 1.848646 0.157905 1.368668 -1.848263 0.156638 1.369585 
C(17) 2.921864 -1.093095 -0.049699 -2.922761 -1.092213 -0.049703 
H(18) 3.073516 -1.159931 -1.129536 -3.896373 -0.959343 0.431034 
H(19) 3.895752 -0.960449 0.430537 -3.074857 -1.157815 -1.129554 
H(20) 2.485750 -2.030742 0.302859 -2.487202 -2.030543 0.301723 
  
182 
APPENDICES 
Table B.50 The principal axis coordinates of rotamer PPP/MMM of ethyl butyrate. 
 
PPP MMM 
atom a b c a b c 
C(1) 0.026935 -0.818450 0.102918 -0.027763 -0.818847 0.102355 
O(2) -0.442962 -1.213759 1.149626 0.441304 -1.216284 1.148664 
O(3) -0.694447 -0.184191 -0.852964 0.694284 -0.183306 -0.852281 
C(4) 1.470264 -0.946514 -0.322745 -1.470858 -0.945556 -0.324281 
H(5) 1.506606 -1.564852 -1.226493 -1.506947 -1.562429 -1.229045 
H(6) 1.996955 -1.470879 0.479035 -1.998226 -1.470910 0.476411 
C(7) 2.114861 0.419987 -0.594669 -2.114654 0.421634 -0.594345 
H(8) 3.159448 0.256438 -0.882337 -1.613454 0.891747 -1.445832 
H(9) 1.613379 0.889529 -1.446299 -3.159553 0.259017 -0.881440 
C(10) 2.051984 1.341591 0.623696 -2.050336 1.341872 0.624977 
H(11) 2.532216 0.875812 1.490542 -2.555273 2.291686 0.426233 
H(12) 2.557125 2.290979 0.423452 -2.530029 0.875285 1.491689 
H(13) 1.015541 1.566057 0.895805 -1.013582 1.565604 0.896452 
C(14) -2.087225 0.035761 -0.539193 2.087293 0.035222 -0.538454 
H(15) -2.560665 0.178342 -1.511742 2.490222 -0.861327 -0.062277 
H(16) -2.491176 -0.860781 -0.063850 2.561047 0.176565 -1.511025 
C(17) -2.261533 1.256397 0.346832 2.262779 1.256271 0.346751 
H(18) -3.327565 1.449602 0.502500 1.796091 1.096293 1.320482 
H(19) -1.794821 1.095705 1.320420 3.328960 1.448737 0.502269 
H(20) -1.816441 2.135341 -0.127041 1.818225 2.135314 -0.127428 
 
Table B.51 The principal axis coordinates of rotamer PPM/MMP of ethyl butyrate. 
 
PPM MMP 
atom a b c a b c 
C(1) -0.007602 0.564383 0.086221 0.007353 0.564852 0.086099 
O(2) -0.432748 1.437103 -0.641998 0.432193 1.437459 -0.642410 
O(3) -0.619740 -0.631640 0.262775 0.619670 -0.631141 0.262825 
C(4) 1.259861 0.636058 0.904579 -1.259989 0.636439 0.904531 
H(5) 0.981965 0.595108 1.963844 -0.982111 0.595934 1.963804 
H(6) 1.716811 1.608789 0.703662 -1.717330 1.608900 0.703209 
C(7) 2.232840 -0.503171 0.571548 -2.232508 -0.503320 0.571735 
H(8) 3.129870 -0.381259 1.188955 -1.774698 -1.457577 0.848897 
H(9) 1.775327 -1.457761 0.848112 -3.129820 -0.381424 1.188740 
C(10) 2.619948 -0.517270 -0.907416 -2.619100 -0.518250 -0.907374 
H(11) 3.064796 0.438395 -1.203641 -3.343771 -1.310794 -1.115332 
H(12) 3.344671 -1.309693 -1.115628 -3.063837 0.437270 -1.204202 
H(13) 1.744583 -0.690144 -1.541984 -1.743543 -0.691504 -1.541573 
C(14) -1.861470 -0.808109 -0.453759 1.861248 -0.808121 -0.453656 
H(15) -1.986293 -1.890672 -0.508952 1.985661 -1.890742 -0.508893 
H(16) -1.751744 -0.400704 -1.461371 1.751711 -0.400668 -1.461274 
C(17) -3.016546 -0.153684 0.282720 3.016595 -0.154175 0.282954 
H(18) -2.884742 0.929058 0.320593 3.954468 -0.369684 -0.238406 
H(19) -3.954741 -0.370587 -0.237522 2.884138 0.928443 0.322491 
H(20) -3.086806 -0.545120 1.300864 3.087864 -0.547007 1.300493 
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Table B.52 The principal axis coordinates of rotamer aPa/aMa of ethyl butyrate. 
 
aPa aMa 
atom a b c a b c 
C(1) -0.052622 0.720582 0.188417 0.052777 0.722404 0.187424 
O(2) -0.327684 1.817748 -0.251802 0.330048 1.819845 -0.250727 
O(3) -0.944765 -0.294936 0.275406 0.942849 -0.295193 0.272412 
C(4) 1.312738 0.277238 0.646983 -1.313272 0.280665 0.645654 
H(5) 1.210997 -0.411375 1.491147 -1.212487 -0.403480 1.493585 
H(6) 1.860758 1.166680 0.970079 -1.862262 1.171439 0.963311 
C(7) 2.065693 -0.414376 -0.500423 -2.064012 -0.417625 -0.499189 
H(8) 1.487104 -1.283672 -0.831962 -1.484998 -1.288977 -0.824437 
H(9) 2.129416 0.277557 -1.348059 -2.125875 0.269255 -1.351086 
C(10) 3.467811 -0.849797 -0.075969 -3.467182 -0.850056 -0.075208 
H(11) 3.995822 -1.336998 -0.900740 -4.060979 0.014154 0.239113 
H(12) 4.061373 0.012465 0.244084 -3.993883 -1.341395 -0.898367 
H(13) 3.418318 -1.555924 0.759132 -3.419688 -1.551746 0.763745 
C(14) -2.263945 0.012749 -0.222163 2.262941 0.010678 -0.224086 
H(15) -2.186614 0.294325 -1.276081 2.655900 0.870892 0.324436 
H(16) -2.657852 0.870878 0.329008 2.187208 0.288334 -1.279185 
C(17) -3.113037 -1.224977 -0.026171 3.111680 -1.226333 -0.022266 
H(18) -4.126273 -1.036892 -0.393073 2.694652 -2.074294 -0.570550 
H(19) -2.695468 -2.070696 -0.577490 4.125361 -1.039943 -0.388818 
H(20) -3.170559 -1.489251 1.032260 3.168054 -1.486289 1.037288 
 
Table B.53 The principal axis coordinates of rotamer aPP/aMM of ethyl butyrate. 
 
aPP aMM 
atom a b c a b c 
C(1) -0.172721 0.714203 0.110330 0.172277 0.713285 0.110166 
O(2) -0.655177 1.448955 -0.726893 0.651461 1.445808 -0.730813 
O(3) -0.892277 -0.170535 0.842536 0.894950 -0.167460 0.844162 
C(4) 1.293815 0.609300 0.440163 -1.293394 0.606929 0.443233 
H(5) 1.416407 0.424408 1.511524 -1.413496 0.416228 1.513819 
H(6) 1.763361 1.562229 0.181103 -1.763675 1.561151 0.190235 
C(7) 1.941719 -0.530706 -0.361460 -1.942896 -0.528747 -0.363332 
H(8) 1.436828 -1.470718 -0.112979 -1.436865 -1.469942 -0.121560 
H(9) 1.781109 -0.346888 -1.430107 -1.785058 -0.338620 -1.431271 
C(10) 3.437841 -0.647008 -0.071868 -3.438184 -0.647607 -0.070465 
H(11) 3.889194 -1.458554 -0.649882 -3.957741 0.282447 -0.322055 
H(12) 3.956180 0.281925 -0.329980 -3.890563 -1.456199 -0.651826 
H(13) 3.612603 -0.848835 0.989799 -3.610070 -0.855457 0.990514 
C(14) -2.298156 -0.245602 0.519458 2.300088 -0.242541 0.518112 
H(15) -2.681663 0.764946 0.363227 2.759188 -0.669726 1.410809 
H(16) -2.755091 -0.676083 1.411660 2.682559 0.767814 0.357929 
C(17) -2.529299 -1.119031 -0.700669 2.529925 -1.119999 -0.699387 
H(18) -3.603504 -1.222587 -0.882722 2.109935 -2.115506 -0.533615 
H(19) -2.071123 -0.672216 -1.585072 2.069575 -0.677160 -1.584642 
H(20) -2.107584 -2.114520 -0.539327 3.603964 -1.222722 -0.882940 
 
  
184 
APPENDICES 
Table B.54 The principal axis coordinates of rotamer aPM/aMP of ethyl butyrate. 
 
aPM aMP 
atom a b c a b c 
C(1) -0.157481 0.472412 0.072382 0.157860 0.473389 0.071333 
O(2) -0.628422 1.515234 -0.333058 0.630602 1.515289 -0.334450 
O(3) -0.806517 -0.716209 0.026133 0.805266 -0.716206 0.026089 
C(4) 1.230563 0.298018 0.633696 -1.230558 0.301279 0.632465 
H(5) 1.194270 -0.387895 1.485896 -1.194530 -0.380250 1.488182 
H(6) 1.575928 1.277743 0.974844 -1.576526 1.282554 0.968420 
C(7) 2.185573 -0.255744 -0.435151 -2.184739 -0.258387 -0.434121 
H(8) 1.811573 -1.226804 -0.776578 -1.810562 -1.231323 -0.769845 
H(9) 2.178415 0.418586 -1.299413 -2.176796 0.411154 -1.302086 
C(10) 3.609795 -0.400132 0.100204 -3.609471 -0.399591 0.100773 
H(11) 4.281682 -0.793418 -0.668134 -4.000451 0.569994 0.425209 
H(12) 4.001082 0.567792 0.429239 -4.280970 -0.795876 -0.666346 
H(13) 3.635014 -1.083950 0.954789 -3.635750 -1.079603 0.958341 
C(14) -2.135326 -0.679362 -0.539229 2.134525 -0.681155 -0.538320 
H(15) -2.319722 -1.707468 -0.854688 2.318699 -1.709939 -0.851676 
H(16) -2.131712 -0.023654 -1.412817 2.132014 -0.027059 -1.413100 
C(17) -3.155089 -0.223248 0.488823 3.153452 -0.223558 0.489887 
H(18) -2.964449 0.809034 0.787414 4.159539 -0.282629 0.063150 
H(19) -4.160708 -0.280455 0.060642 2.963280 0.809518 0.785938 
H(20) -3.117257 -0.867375 1.371104 3.113845 -0.865723 1.373532 
 
Table B.55 The principal axis coordinates of rotamer MPa/PMa of ethyl butyrate. 
 
MPa PMa 
atom a b c a b c 
C(1) 0.170943 0.807731 -0.165933 -0.100467 0.361172 0.284276 
O(2) -0.021231 1.790030 0.520003 -0.187378 1.462834 -0.217049 
O(3) -0.762564 -0.152444 -0.369526 1.042531 -0.361551 0.305016 
C(4) 1.450257 0.470842 -0.894743 -1.226723 -0.366242 0.983820 
H(5) 2.163652 1.270103 -0.676595 -1.007692 -1.437969 0.996541 
H(6) 1.241179 0.475989 -1.970402 -1.221197 -0.019705 2.024918 
C(7) 2.014542 -0.893334 -0.474992 -2.579805 -0.079621 0.331491 
H(8) 1.314268 -1.678911 -0.774523 -3.367516 -0.517485 0.954381 
H(9) 2.947830 -1.063515 -1.023333 -2.740901 1.002514 0.311876 
C(10) 2.276536 -0.971454 1.029229 -2.666190 -0.644530 -1.086789 
H(11) 2.962822 -0.179823 1.347486 -3.647206 -0.448752 -1.529187 
H(12) 1.347664 -0.857230 1.597704 -1.911379 -0.188400 -1.734400 
H(13) 2.717605 -1.934787 1.301143 -2.506711 -1.728159 -1.083287 
C(14) -2.023543 0.076627 0.293420 2.181635 0.290042 -0.297438 
H(15) -2.436919 1.028049 -0.052481 2.372180 1.227909 0.231570 
H(16) -1.847227 0.156949 1.369783 1.941667 0.530488 -1.336621 
C(17) -2.923712 -1.091320 -0.048535 3.348639 -0.668250 -0.192289 
H(18) -2.488101 -2.029840 0.302321 3.133026 -1.598176 -0.723468 
H(19) -3.896782 -0.958189 0.433230 4.238461 -0.212401 -0.636194 
H(20) -3.076956 -1.156737 -1.128237 3.563142 -0.902063 0.853060 
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Table B.56 The principal axis coordinates of rotamer MPP/PMM of ethyl butyrate. 
 
MPP PMM 
atom a b c a b c 
C(1) 0.007314 0.564590 0.086230 -0.007080 -0.542196 0.188782 
O(2) 0.431837 1.436974 -0.642802 0.108807 -0.232661 1.356490 
O(3) 0.619873 -0.631077 0.263470 1.028329 -0.611919 -0.679176 
C(4) -1.260085 0.636340 0.904676 -1.308754 -0.927334 -0.477817 
H(5) -1.716986 1.609053 0.703558 -1.208167 -0.802430 -1.559790 
H(6) -0.982322 0.595529 1.963969 -1.453244 -1.997518 -0.283678 
C(7) -2.233179 -0.502824 0.571643 -2.486135 -0.120023 0.071086 
H(8) -1.776485 -1.457310 0.849897 -3.413768 -0.527955 -0.345229 
H(9) -3.130959 -0.379773 1.187746 -2.529105 -0.250230 1.156701 
C(10) -2.618592 -0.518438 -0.907750 -2.373776 1.366078 -0.271240 
H(11) -3.063099 0.436931 -1.205439 -3.235267 1.923612 0.107556 
H(12) -1.742598 -0.692055 -1.541232 -1.473542 1.801519 0.173159 
H(13) -3.343132 -1.311057 -1.115869 -2.326269 1.512377 -1.355727 
C(14) 1.861411 -0.808161 -0.453262 2.324679 -0.284177 -0.130260 
H(15) 1.751472 -0.401236 -1.461050 3.030369 -0.768451 -0.806877 
H(16) 1.985979 -1.890782 -0.507935 2.411773 -0.724653 0.865377 
C(17) 3.016879 -0.153671 0.282543 2.537228 1.218617 -0.091046 
H(18) 3.954628 -0.369441 -0.238952 1.831638 1.689501 0.595770 
H(19) 2.884374 0.928947 0.321445 3.553143 1.437709 0.252173 
H(20) 3.088498 -0.545907 1.300279 2.408911 1.645284 -1.089172 
 
Table B.57 The principal axis coordinates of rotamer MPM/PMP of ethyl butyrate. 
 
MPM PMP 
atom a b c a b c 
C(1) -0.027084 -0.818445 0.102817 -0.009789 0.180429 0.022585 
O(2) 0.442532 -1.213984 1.149579 -0.102520 0.233693 1.231475 
O(3) 0.694606 -0.184093 -0.852735 -0.969912 -0.325565 -0.785231 
C(4) -1.470351 -0.946350 -0.323116 1.166834 0.688675 -0.780029 
H(5) -1.997091 -1.471022 0.478430 1.199611 0.161732 -1.738263 
H(6) -1.506653 -1.564292 -1.227134 0.958512 1.743982 -0.997975 
C(7) -2.115115 0.420164 -0.594585 2.484360 0.547543 -0.017558 
H(8) -1.614063 0.889785 -1.446428 3.270595 1.059863 -0.582867 
H(9) -3.159825 0.256497 -0.881783 2.391034 1.054556 0.947602 
C(10) -2.051942 1.341668 0.623807 2.871172 -0.916057 0.198305 
H(11) -2.531919 0.875768 1.490735 3.826432 -0.996865 0.725043 
H(12) -1.015480 1.566299 0.895661 2.115556 -1.434498 0.795909 
H(13) -2.557307 2.290970 0.423698 2.968391 -1.436853 -0.760347 
C(14) 2.087455 0.035411 -0.538829 -2.177719 -0.757437 -0.118802 
H(15) 2.561189 0.177186 -1.511353 -2.636100 -1.451969 -0.824192 
H(16) 2.490898 -0.860992 -0.062804 -1.907921 -1.289784 0.795877 
C(17) 2.262044 1.256493 0.346527 -3.091198 0.418908 0.175418 
H(18) 1.794198 1.096731 1.319735 -4.029324 0.056942 0.607492 
H(19) 3.328077 1.448842 0.503249 -2.623886 1.101021 0.887986 
H(20) 1.818174 2.135523 -0.128317 -3.320675 0.960313 -0.745978 
 
 Appendix C: Geometry Parameters (Gaussian) 
Table C.1 Structural Properties of all cis conformers of isoamyl acetate for the Gaussian input 
(Part 1). 
rotamer PM(a,P) PM(P,M) PM(M,a) Pa(a,P) Pa(P,M) Pa(M,a) PP(a,P) PP(P,M) PP(M,a) 
 (C1,O2) 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.23 
 (C1,O3) 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 
 (C1,C4) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C4,H5) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C4,H6) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C4,H7) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (O3,C8) 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 
 (C8,H9) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C8,H10) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C8,C11) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C11,H12) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C11,H13) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C11,C14) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C14,H15) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C14,C16) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C16,H17) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C16,H18) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C16,H19) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C14,C20) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C20,H21) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C20,H22) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C20,H23) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (O2,C1,O3) 117.63 117.63 117.63 117.63 117.63 117.63 117.63 117.63 117.63 
 (O2,C1,C4) 130.07 130.07 130.07 130.07 130.07 130.07 130.07 130.07 130.07 
 (C1,C4,H5) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,C4,H6) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,C4,H7) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,O3,C8) 110.61 110.61 110.61 110.61 110.61 110.61 110.61 110.61 110.61 
 (O3,C8,H9) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (O3,C8,H10) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (O3,C8,C11) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,H12) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,H13) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,C14) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,H15) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,C16) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H17) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H18) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H19) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,C20) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H21) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H22) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H23) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C4,C1,O2,O3) -180.00 -180.00 -180.00 -180.00 -180.00 -180.00 -180.00 -180.00 -180.00 
 (O2,C1,C4,H5) 120.00 120.00 120.00 120.00 120.00 120.00 120.00 120.00 120.00 
 (O2,C1,C4,H6) -120.00 -120.00 -120.00 -120.00 -120.00 -120.00 -120.00 -120.00 -120.00 
 (O2,C1,C4,H7) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 (O2,C1,O3,C8) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 (C1,O3,C8,H9) -180.00 180.00 180.00 180.00 180.00 180.00 -180.00 -180.00 -180.00 
 (C1,O3,C8,H10) -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 
 (C1,O3,C8,C11) 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 
 (O3,C8,C11,H12) 180.00 180.00 -180.00 60.00 60.00 60.00 -60.00 -60.00 -60.00 
 (O3,C8,C11,H13) 60.00 60.00 60.00 -60.00 -60.00 -60.00 180.00 -180.00 180.00 
 (O3,C8,C11,C14) -60.00 -60.00 -60.00 -180.00 -180.00 180.00 60.00 60.00 60.00 
 (C8,C11,C14,H15) -60.00 -180.00 60.00 -60.00 180.00 60.00 -60.00 180.00 60.00 
 (C8,C11,C14,C16) -180.00 60.00 -60.00 180.00 60.00 -60.00 180.00 60.00 -60.00 
 (C11,C14,C16,H17) 153.21 153.21 153.21 153.21 153.21 153.21 153.21 153.21 153.21 
 (C11,C14,C16,H18) -86.79 -86.79 -86.79 -86.79 -86.79 -86.79 -86.79 -86.79 -86.79 
 (C11,C14,C16,H19) 33.21 33.21 33.21 33.21 33.21 33.21 33.21 33.21 33.21 
 (C8,C11,C14,C20) 60.00 -60.00 -180.00 60.00 -60.00 180.00 60.00 -60.00 -180.00 
 (C11,C14,C20,H21) -157.01 -157.01 -157.01 -157.01 -157.01 -157.01 -157.01 -157.01 -157.01 
 (C11,C14,C20,H22) -37.01 -37.01 -37.01 -37.01 -37.01 -37.01 -37.01 -37.01 -37.01 
 (C11,C14,C20,H23) 82.99 82.99 82.99 82.99 82.99 82.99 82.99 82.99 82.99 
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Table C.2 Structural Properties of all cis conformers of isoamyl acetate for the Gaussian input 
(Part 2). 
rotamer aM(a,P) aM(P,M) aM(M,a) aa(a,P) aa(P,M) aa(M,a) aP(a,P) aP(P,M) aP(M,a) 
 (C1,O2) 1.23 1.23 1.23 1.23 1.23 1.23 1.23 1.26 1.23 
 (C1,O3) 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.43 1.36 
 (C1,C4) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C4,H5) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C4,H6) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C4,H7) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (O3,C8) 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 
 (C8,H9) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C8,H10) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C8,C11) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C11,H12) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C11,H13) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C11,C14) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C14,H15) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C14,C16) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C16,H17) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C16,H18) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C16,H19) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C14,C20) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C20,H21) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C20,H22) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C20,H23) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (O2,C1,O3) 117.63 117.63 117.63 117.63 117.63 117.63 117.63 120.00 117.63 
 (O2,C1,C4) 130.07 130.07 130.07 130.07 130.07 130.07 130.07 120.00 130.07 
 (C1,C4,H5) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,C4,H6) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,C4,H7) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,O3,C8) 110.61 110.61 110.61 110.61 110.61 110.61 110.61 109.47 110.61 
 (O3,C8,H9) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (O3,C8,H10) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (O3,C8,C11) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,H12) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,H13) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,C14) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,H15) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,C16) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H17) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H18) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H19) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,C20) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H21) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H22) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H23) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C4,C1,O2,O3) -180.00 -180.00 -180.00 -180.00 -180.00 -180.00 -180.00 180.00 -180.00 
 (O2,C1,C4,H5) 120.00 120.00 120.00 120.00 120.00 120.00 120.00 90.00 120.00 
 (O2,C1,C4,H6) -120.00 -120.00 -120.00 -120.00 -120.00 -120.00 -120.00 -150.00 -120.00 
 (O2,C1,C4,H7) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -30.00 0.00 
 (O2,C1,O3,C8) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -30.00 0.00 
 (C1,O3,C8,H9) -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 
 (C1,O3,C8,H10) 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 
 (C1,O3,C8,C11) 180.00 180.00 -180.00 -180.00 -180.00 -180.00 -180.00 -180.00 180.00 
 (O3,C8,C11,H12) 180.00 180.00 180.00 60.00 60.00 60.00 -60.00 -60.00 -60.00 
 (O3,C8,C11,H13) 60.00 60.00 60.00 -60.00 -60.00 -60.00 -180.00 180.00 -180.00 
 (O3,C8,C11,C14) -60.00 -60.00 -60.00 180.00 -180.00 -180.00 60.00 60.00 60.00 
 (C8,C11,C14,H15) -60.00 -180.00 60.00 -60.00 180.00 60.00 -60.00 180.00 60.00 
 (C8,C11,C14,C16) 180.00 60.00 -60.00 180.00 60.00 -60.00 180.00 60.00 -60.00 
 (C11,C14,C16,H17) 153.21 153.21 153.21 153.21 153.21 153.21 153.21 180.00 153.21 
 (C11,C14,C16,H18) -86.79 -86.79 -86.79 -86.79 -86.79 -86.79 -86.79 -60.00 -86.79 
 (C11,C14,C16,H19) 33.21 33.21 33.21 33.21 33.21 33.21 33.21 60.00 33.21 
 (C8,C11,C14,C20) 60.00 -60.00 -180.00 60.00 -60.00 -180.00 60.00 -60.00 180.00 
 (C11,C14,C20,H21) -157.01 -157.01 -157.01 -157.01 -157.01 -157.01 -157.01 -180.00 -157.01 
 (C11,C14,C20,H22) -37.01 -37.01 -37.01 -37.01 -37.01 -37.01 -37.01 -60.00 -37.01 
 (C11,C14,C20,H23) 82.99 82.99 82.99 82.99 82.99 82.99 82.99 60.00 82.99 
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Table C.3 Structural Properties of all cis conformers of isoamyl acetate for the Gaussian input 
(Part 3). 
rotamer MM(a,P) MM(P,M) MM(M,a) Ma(a,P) Ma(P,M) Ma(M,a) MP(a,P) MP(P,M) MP(M,a) 
 (C1,O2) 1.23 1.23 1.23 1.23 1.23 1.26 1.23 1.23 1.23 
 (C1,O3) 1.36 1.36 1.36 1.36 1.36 1.43 1.36 1.36 1.36 
 (C1,C4) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C4,H5) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C4,H6) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C4,H7) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (O3,C8) 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 1.43 
 (C8,H9) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C8,H10) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C8,C11) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C11,H12) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C11,H13) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C11,C14) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C14,H15) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C14,C16) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C16,H17) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C16,H18) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C16,H19) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C14,C20) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C20,H21) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C20,H22) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C20,H23) 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (O2,C1,O3) 117.63 117.63 117.63 117.63 117.63 120.00 117.63 117.63 117.63 
 (O2,C1,C4) 130.07 130.07 130.07 130.07 130.07 120.00 130.07 130.07 130.07 
 (C1,C4,H5) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,C4,H6) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,C4,H7) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C1,O3,C8) 110.61 110.61 110.61 110.61 110.61 109.47 110.61 110.61 110.61 
 (O3,C8,H9) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (O3,C8,H10) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (O3,C8,C11) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,H12) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,H13) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,C14) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,H15) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,C16) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H17) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H18) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C16,H19) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,C20) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H21) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H22) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C14,C20,H23) 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (C4,C1,O2,O3) -180.00 -180.00 -180.00 -180.00 -180.00 180.00 -180.00 -180.00 -180.00 
 (O2,C1,C4,H5) 120.00 120.00 120.00 120.00 120.00 90.00 120.00 120.00 120.00 
 (O2,C1,C4,H6) -120.00 -120.00 -120.00 -120.00 -120.00 -150.00 -120.00 -120.00 -120.00 
 (O2,C1,C4,H7) 0.00 0.00 0.00 0.00 0.00 -30.00 0.00 0.00 0.00 
 (O2,C1,O3,C8) 0.00 0.00 0.00 0.00 0.00 -30.00 0.00 0.00 0.00 
 (C1,O3,C8,H9) 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 
 (C1,O3,C8,H10) -180.00 -180.00 -180.00 180.00 180.00 -180.00 180.00 180.00 -180.00 
 (C1,O3,C8,C11) -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 -60.00 
 (O3,C8,C11,H12) -180.00 180.00 180.00 60.00 60.00 60.00 -60.00 -60.00 -60.00 
 (O3,C8,C11,H13) 60.00 60.00 60.00 -60.00 -60.00 -60.00 -180.00 180.00 180.00 
 (O3,C8,C11,C14) -60.00 -60.00 -60.00 -180.00 180.00 -180.00 60.00 60.00 60.00 
 (C8,C11,C14,H15) -60.00 180.00 60.00 -60.00 -180.00 60.00 -60.00 180.00 60.00 
 (C8,C11,C14,C16) 180.00 60.00 -60.00 -180.00 60.00 -60.00 -180.00 60.00 -60.00 
 (C11,C14,C16,H17) 153.21 153.21 153.21 153.21 153.21 -180.00 153.21 153.21 153.21 
 (C11,C14,C16,H18) -86.79 -86.79 -86.79 -86.79 -86.79 -60.00 -86.79 -86.79 -86.79 
 (C11,C14,C16,H19) 33.21 33.21 33.21 33.21 33.21 60.00 33.21 33.21 33.21 
 (C8,C11,C14,C20) 60.00 -60.00 180.00 60.00 -60.00 180.00 60.00 -60.00 -180.00 
 (C11,C14,C20,H21) -157.01 -157.01 -157.01 -157.01 -157.01 180.00 -157.01 -157.01 -157.01 
 (C11,C14,C20,H22) -37.01 -37.01 -37.01 -37.01 -37.01 -60.00 -37.01 -37.01 -37.01 
 (C11,C14,C20,H23) 82.99 82.99 82.99 82.99 82.99 60.00 82.99 82.99 82.99 
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Table C.4 Structural Properties of all cis conformers of isoamyl acetate obtained from the Gaussian 
output after calculated on MP2/6-311++G(d,p) level of theory (Part 1). 
rotamer PM(a,P) PM(P,M) PM(M,a) Pa(a,P) Pa(P,M) Pa(M,a) PP(a,P) PP(P,M) PP(M,a) 
 (C1,O2) 1.21 N.A. 1.21 1.21 1.21 1.21 1.21 1.21 1.21 
 (C1,O3) 1.36 N.A. 1.35 1.35 1.35 1.35 1.35 1.35 1.35 
 (C1,C4) 1.51 N.A. 1.51 1.51 1.51 1.51 1.51 1.51 1.51 
 (C4,H5) 1.09 N.A. 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C4,H6) 1.09 N.A. 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C4,H7) 1.09 N.A. 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (O3,C8) 1.44 N.A. 1.45 1.45 1.45 1.44 1.44 1.44 1.44 
 (C8,H9) 1.09 N.A. 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C8,H10) 1.09 N.A. 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C8,C11) 1.52 N.A. 1.52 1.52 1.52 1.52 1.52 1.52 1.52 
 (C11,H12) 1.10 N.A. 1.10 1.10 1.10 1.10 1.09 1.10 1.10 
 (C11,H13) 1.10 N.A. 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (C11,C14) 1.54 N.A. 1.53 1.53 1.54 1.53 1.53 1.54 1.53 
 (C14,H15) 1.10 N.A. 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (C14,C16) 1.53 N.A. 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
 (C16,H17) 1.10 N.A. 1.10 1.09 1.10 1.09 1.09 1.09 1.10 
 (C16,H18) 1.10 N.A. 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (C16,H19) 1.10 N.A. 1.09 1.09 1.09 1.09 1.10 1.10 1.09 
 (C14,C20) 1.53 N.A. 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
 (C20,H21) 1.10 N.A. 1.09 1.10 1.09 1.09 1.10 1.10 1.09 
 (C20,H22) 1.09 N.A. 1.10 1.09 1.10 1.09 1.09 1.10 1.10 
 (C20,H23) 1.10 N.A. 1.10 1.10 1.10 1.10 1.10 1.09 1.10 
 (O2,C1,O3) 124.40 N.A. 124.45 123.80 123.83 123.79 123.78 123.84 123.85 
 (O2,C1,C4) 125.62 N.A. 125.50 125.72 125.72 125.75 125.81 125.71 125.82 
 (C1,C4,H5) 109.53 N.A. 110.31 110.33 110.27 110.29 110.23 110.59 110.34 
 (C1,C4,H6) 109.78 N.A. 108.95 108.95 109.01 108.99 109.07 108.67 108.87 
 (C1,C4,H7) 109.45 N.A. 109.44 109.40 109.41 109.41 109.43 109.44 109.47 
 (C1,O3,C8) 117.05 N.A. 117.28 115.23 115.32 115.34 115.53 115.48 115.44 
 (O3,C8,H9) 104.90 N.A. 105.24 104.40 104.06 104.02 103.98 104.09 104.16 
 (O3,C8,H10) 108.96 N.A. 109.32 108.74 108.79 109.21 109.16 108.87 108.63 
 (O3,C8,C11) 112.20 N.A. 109.63 110.94 110.42 111.03 111.80 113.11 113.10 
 (C8,C11,H12) 105.52 N.A. 107.89 107.98 108.10 109.09 109.11 109.13 109.32 
 (C8,C11,H13) 109.59 N.A. 108.00 109.15 108.41 108.40 107.31 105.65 106.19 
 (C8,C11,C14) 115.61 N.A. 115.07 113.37 114.16 113.20 114.57 116.67 116.05 
 (C11,C14,H15) 108.17 N.A. 108.28 108.11 106.10 107.79 107.97 105.62 107.83 
 (C11,C14,C16) 110.06 N.A. 111.79 109.79 112.04 111.99 109.67 112.25 113.00 
 (C14,C16,H17) 111.02 N.A. 110.48 111.05 110.52 110.61 111.08 110.50 110.28 
 (C14,C16,H18) 110.31 N.A. 110.05 110.17 111.36 110.20 110.34 110.92 110.03 
 (C14,C16,H19) 111.24 N.A. 111.95 111.21 111.16 112.33 111.14 111.48 112.06 
 (C11,C14,C20) 111.98 N.A. 109.73 111.84 112.27 109.85 112.07 113.32 109.46 
 (C14,C20,H21) 110.64 N.A. 111.00 110.57 110.56 111.04 110.56 110.23 111.03 
 (C14,C20,H22) 112.48 N.A. 111.29 112.36 111.27 111.17 111.90 111.13 111.36 
 (C14,C20,H23) 109.81 N.A. 110.29 110.13 111.31 110.22 110.40 110.98 110.19 
 (C4,C1,O2,O3) 180.00 N.A. 179.10 179.33 179.41 179.37 179.42 178.80 179.07 
 (O2,C1,C4,H5) 119.16 N.A. 133.82 133.99 132.76 133.22 132.06 138.23 133.59 
 (O2,C1,C4,H6) -122.74 N.A. -107.91 -107.68 -108.93 -108.47 -109.66 -103.30 -108.14 
 (O2,C1,C4,H7) -1.66 N.A. 11.82 12.01 10.87 11.30 10.22 15.93 11.59 
 (O2,C1,O3,C8) -1.44 N.A. 2.29 2.40 2.52 2.38 2.56 2.47 2.76 
 (C1,O3,C8,H9) -137.13 N.A. -135.73 -159.05 -157.54 -158.41 -162.48 -160.45 -161.15 
 (C1,O3,C8,H10) -20.00 N.A. -18.36 -42.00 -40.62 -41.38 -45.92 -44.11 -44.53 
 (C1,O3,C8,C11) 102.92 N.A. 105.16 81.40 82.36 81.02 76.91 78.40 78.36 
 (O3,C8,C11,H12) 174.01 N.A. 171.50 51.25 57.64 62.89 -74.09 -67.35 -55.91 
 (O3,C8,C11,H13) 59.49 N.A. 56.11 -65.56 -58.75 -54.15 170.23 178.30 -170.29 
 (O3,C8,C11,C14) -65.23 N.A. -66.68 172.46 179.63 -175.03 49.05 57.75 69.30 
 (C8,C11,C14,H15) -32.24 N.A. 52.42 -57.68 -178.37 59.54 -63.34 166.98 51.89 
 (C8,C11,C14,C16) -150.55 N.A. -67.06 -175.46 64.47 -59.82 179.04 49.88 -67.86 
 (C11,C14,C16,H17) -177.85 N.A. -178.09 177.51 171.82 -175.46 176.17 171.32 -175.77 
 (C11,C14,C16,H18) -58.31 N.A. -59.17 -62.92 -68.85 -56.27 -64.18 -69.56 -57.02 
 (C11,C14,C16,H19) 61.59 N.A. 61.99 56.90 51.55 64.34 55.61 51.27 63.39 
 (C8,C11,C14,C20) 87.45 N.A. 169.95 61.78 -61.15 177.27 55.68 -76.21 169.31 
 (C11,C14,C20,H21) -176.74 N.A. -179.18 175.26 -172.01 -177.15 175.26 -169.71 -178.49 
 (C11,C14,C20,H22) -55.63 N.A. -58.56 -64.46 -51.92 -56.56 -64.71 -50.10 -57.82 
 (C11,C14,C20,H23) 64.16 N.A. 61.33 55.91 68.79 63.30 56.08 70.78 62.00 
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Table C.5 Structural Properties of all cis conformers of isoamyl acetate obtained from the Gaussian 
output after calculated on MP2/6-311++G(d,p) level of theory (Part 2). 
rotamer aM(a,P) aM(P,M) aM(M,a) aa(a,P) aa(P,M) aa(M,a) aP(a,P) aP(P,M) aP(M,a) 
 (C1,O2) 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 
 (C1,O3) 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 
 (C1,C4) 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 
 (C4,H5) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C4,H6) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C4,H7) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (O3,C8) 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 
 (C8,H9) 1.09 1.09 1.09 1.10 1.09 1.09 1.09 1.09 1.10 
 (C8,H10) 1.10 1.09 1.09 1.09 1.09 1.10 1.09 1.09 1.09 
 (C8,C11) 1.52 1.52 1.52 1.52 1.52 1.52 1.52 1.52 1.52 
 (C11,H12) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (C11,H13) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (C11,C14) 1.53 1.54 1.53 1.53 1.54 1.53 1.53 1.54 1.53 
 (C14,H15) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (C14,C16) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
 (C16,H17) 1.09 1.10 1.09 1.09 1.09 1.09 1.09 1.09 1.10 
 (C16,H18) 1.10 1.09 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (C16,H19) 1.10 1.10 1.09 1.09 1.10 1.09 1.10 1.10 1.09 
 (C14,C20) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
 (C20,H21) 1.10 1.09 1.09 1.09 1.09 1.09 1.09 1.10 1.09 
 (C20,H22) 1.09 1.10 1.10 1.09 1.10 1.09 1.09 1.10 1.10 
 (C20,H23) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.09 1.10 
 (O2,C1,O3) 123.53 123.51 123.48 123.46 123.48 123.46 123.48 123.51 123.53 
 (O2,C1,C4) 126.05 126.01 126.02 126.00 125.98 126.00 126.02 126.01 126.05 
 (C1,C4,H5) 109.60 110.14 109.29 109.60 109.67 109.72 110.04 109.20 109.72 
 (C1,C4,H6) 109.72 109.20 110.04 109.72 109.67 109.60 109.29 110.14 109.60 
 (C1,C4,H7) 109.44 109.44 109.42 109.40 109.40 109.40 109.42 109.44 109.44 
 (C1,O3,C8) 114.84 114.73 114.87 114.69 114.64 114.69 114.87 114.73 114.84 
 (O3,C8,H9) 108.30 108.75 108.99 109.00 108.63 108.64 109.02 108.90 109.18 
 (O3,C8,H10) 109.18 108.90 109.02 108.64 108.63 109.00 108.99 108.75 108.30 
 (O3,C8,C11) 108.19 108.75 107.22 107.15 106.72 107.15 107.22 108.75 108.19 
 (C8,C11,H12) 107.30 105.69 107.45 108.31 108.43 109.35 109.01 109.08 108.70 
 (C8,C11,H13) 108.70 109.08 109.01 109.35 108.43 108.31 107.45 105.69 107.30 
 (C8,C11,C14) 115.51 116.73 114.69 113.18 114.04 113.18 114.69 116.73 115.51 
 (C11,C14,H15) 107.36 105.81 107.83 107.94 106.06 107.94 107.83 105.81 107.36 
 (C11,C14,C16) 109.68 113.24 111.93 109.85 112.25 112.00 109.70 112.04 113.03 
 (C14,C16,H17) 111.03 110.13 110.45 111.04 110.55 110.59 111.08 110.40 110.13 
 (C14,C16,H18) 110.20 111.13 110.52 110.23 111.35 110.16 110.39 110.98 110.41 
 (C14,C16,H19) 111.34 111.01 112.12 111.22 111.18 112.31 111.19 111.61 112.06 
 (C11,C14,C20) 113.03 112.04 109.70 112.00 112.25 109.85 111.93 113.24 109.68 
 (C14,C20,H21) 110.13 110.40 111.08 110.59 110.55 111.04 110.45 110.13 111.03 
 (C14,C20,H22) 112.06 111.61 111.19 112.31 111.18 111.22 112.12 111.01 111.34 
 (C14,C20,H23) 110.41 110.98 110.39 110.16 111.35 110.23 110.52 111.13 110.20 
 (C4,C1,O2,O3) -179.93 179.24 -179.43 -179.86 180.00 179.86 179.43 -179.24 179.93 
 (O2,C1,C4,H5) 119.60 130.18 113.54 119.75 120.89 122.03 128.19 111.49 122.21 
 (O2,C1,C4,H6) -122.20 -111.49 -128.19 -122.03 -120.88 -119.74 -113.53 -130.18 -119.59 
 (O2,C1,C4,H7) -1.19 8.52 -6.70 -1.04 0.00 1.04 6.71 -8.52 1.20 
 (O2,C1,O3,C8) -0.51 0.05 -0.86 0.12 0.00 -0.12 0.86 -0.05 0.51 
 (C1,O3,C8,H9) -61.86 -58.08 -59.79 -59.90 -58.76 -57.78 -57.72 -59.01 -55.50 
 (C1,O3,C8,H10) 55.50 59.01 57.72 57.78 58.76 59.90 59.79 58.08 61.86 
 (C1,O3,C8,C11) 177.14 -178.67 179.38 179.53 180.00 -179.53 -179.38 178.67 -177.14 
 (O3,C8,C11,H12) 158.87 176.51 -178.49 51.46 58.03 65.10 -65.89 -62.07 -43.77 
 (O3,C8,C11,H13) 43.77 62.07 65.89 -65.10 -58.03 -51.46 178.49 -176.51 -158.87 
 (O3,C8,C11,C14) -80.34 -62.84 -57.07 172.74 180.00 -172.74 57.07 62.83 80.34 
 (C8,C11,C14,H15) -60.00 -163.39 63.45 -60.22 180.00 60.22 -63.45 163.39 60.00 
 (C8,C11,C14,C16) -177.29 79.64 -55.63 -177.96 62.80 -59.05 178.61 46.46 -59.21 
 (C11,C14,C16,H17) 176.32 173.35 -175.43 176.81 171.78 -175.02 176.39 171.13 -176.15 
 (C11,C14,C16,H18) -64.20 -66.47 -56.19 -63.61 -68.90 -55.84 -63.96 -69.77 -56.64 
 (C11,C14,C16,H19) 55.69 53.77 64.58 56.23 51.76 64.71 55.91 51.04 63.40 
 (C8,C11,C14,C20) 59.21 -46.46 -178.61 59.05 -62.80 177.96 55.63 -79.64 177.29 
 (C11,C14,C20,H21) 176.15 -171.13 -176.39 175.02 -171.78 -176.81 175.43 -173.35 -176.32 
 (C11,C14,C20,H22) -63.40 -51.04 -55.91 -64.71 -51.76 -56.23 -64.58 -53.77 -55.69 
 (C11,C14,C20,H23) 56.64 69.77 63.96 55.84 68.90 63.61 56.19 66.47 64.20 
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Table C.6 Structural Properties of all cis conformers of isoamyl acetate obtained from the Gaussian 
output after calculated on MP2/6-311++G(d,p) level of theory (Part 3). 
rotamer MM(a,P) MM(P,M) MM(M,a) Ma(a,P) Ma(P,M) Ma(M,a) MP(a,P) MP(P,M) MP(M,a) 
 (C1,O2) 1.21 1.21 1.21 1.21 1.21 1.21 1.21 N.A. 1.21 
 (C1,O3) 1.35 1.35 1.35 1.35 1.35 1.35 1.35 N.A. 1.36 
 (C1,C4) 1.51 1.51 1.51 1.51 1.51 1.51 1.51 N.A. 1.51 
 (C4,H5) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 N.A. 1.09 
 (C4,H6) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 N.A. 1.09 
 (C4,H7) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 N.A. 1.09 
 (O3,C8) 1.44 1.44 1.44 1.44 1.45 1.45 1.45 N.A. 1.44 
 (C8,H9) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 N.A. 1.09 
 (C8,H10) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 N.A. 1.09 
 (C8,C11) 1.52 1.52 1.52 1.52 1.52 1.52 1.52 N.A. 1.52 
 (C11,H12) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 N.A. 1.10 
 (C11,H13) 1.10 1.10 1.09 1.10 1.10 1.10 1.10 N.A. 1.10 
 (C11,C14) 1.53 1.54 1.53 1.53 1.54 1.53 1.53 N.A. 1.54 
 (C14,H15) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 N.A. 1.10 
 (C14,C16) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 N.A. 1.53 
 (C16,H17) 1.09 1.10 1.10 1.09 1.09 1.10 1.09 N.A. 1.10 
 (C16,H18) 1.10 1.09 1.10 1.10 1.10 1.10 1.10 N.A. 1.10 
 (C16,H19) 1.10 1.10 1.09 1.09 1.10 1.09 1.10 N.A. 1.09 
 (C14,C20) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 N.A. 1.53 
 (C20,H21) 1.10 1.09 1.09 1.09 1.10 1.09 1.10 N.A. 1.10 
 (C20,H22) 1.09 1.10 1.10 1.09 1.09 1.09 1.09 N.A. 1.10 
 (C20,H23) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 N.A. 1.10 
 (O2,C1,O3) 123.85 123.84 123.78 123.79 123.83 123.80 124.45 N.A. 124.40 
 (O2,C1,C4) 125.82 125.71 125.81 125.75 125.72 125.72 125.50 N.A. 125.62 
 (C1,C4,H5) 108.87 108.67 109.07 108.99 109.01 108.95 108.95 N.A. 109.78 
 (C1,C4,H6) 110.34 110.59 110.23 110.29 110.27 110.33 110.31 N.A. 109.53 
 (C1,C4,H7) 109.47 109.44 109.43 109.41 109.41 109.40 109.44 N.A. 109.45 
 (C1,O3,C8) 115.44 115.48 115.53 115.34 115.32 115.23 117.28 N.A. 117.05 
 (O3,C8,H9) 108.63 108.87 109.16 109.21 108.79 108.74 109.32 N.A. 108.96 
 (O3,C8,H10) 104.16 104.09 103.98 104.02 104.06 104.40 105.24 N.A. 104.90 
 (O3,C8,C11) 113.10 113.11 111.80 111.03 110.42 110.94 109.63 N.A. 112.20 
 (C8,C11,H12) 106.19 105.65 107.31 108.40 108.41 109.15 108.00 N.A. 109.59 
 (C8,C11,H13) 109.32 109.13 109.11 109.09 108.10 107.98 107.89 N.A. 105.52 
 (C8,C11,C14) 116.05 116.67 114.57 113.20 114.16 113.37 115.07 N.A. 115.61 
 (C11,C14,H15) 107.83 105.62 107.97 107.79 106.10 108.11 108.28 N.A. 108.17 
 (C11,C14,C16) 109.46 113.32 112.07 109.85 112.27 111.84 109.73 N.A. 111.98 
 (C14,C16,H17) 111.03 110.23 110.56 111.04 110.56 110.57 111.00 N.A. 110.64 
 (C14,C16,H18) 110.19 110.98 110.40 110.22 111.31 110.13 110.29 N.A. 109.81 
 (C14,C16,H19) 111.36 111.13 111.90 111.17 111.27 112.36 111.29 N.A. 112.48 
 (C11,C14,C20) 113.00 112.25 109.67 111.99 112.04 109.79 111.79 N.A. 110.06 
 (C14,C20,H21) 110.28 110.50 111.08 110.61 110.52 111.05 110.48 N.A. 111.02 
 (C14,C20,H22) 112.06 111.48 111.14 112.33 111.16 111.21 111.95 N.A. 111.24 
 (C14,C20,H23) 110.03 110.92 110.34 110.20 111.36 110.17 110.05 N.A. 110.31 
 (C4,C1,O2,O3) -179.07 -178.80 -179.42 -179.37 -179.41 -179.33 -179.10 N.A. -180.00 
 (O2,C1,C4,H5) 108.14 103.30 109.66 108.47 108.93 107.68 107.91 N.A. 122.74 
 (O2,C1,C4,H6) -133.59 -138.23 -132.06 -133.22 -132.76 -133.98 -133.82 N.A. -119.16 
 (O2,C1,C4,H7) -11.59 -15.93 -10.22 -11.30 -10.88 -12.01 -11.82 N.A. 1.67 
 (O2,C1,O3,C8) -2.76 -2.47 -2.56 -2.38 -2.52 -2.40 -2.29 N.A. 1.44 
 (C1,O3,C8,H9) 44.53 44.11 45.92 41.38 40.62 42.00 18.36 N.A. 20.00 
 (C1,O3,C8,H10) 161.15 160.45 162.48 158.41 157.54 159.05 135.73 N.A. 137.13 
 (C1,O3,C8,C11) -78.36 -78.40 -76.91 -81.02 -82.36 -81.40 -105.16 N.A. -102.92 
 (O3,C8,C11,H12) 170.29 -178.30 -170.23 54.15 58.75 65.56 -56.11 N.A. -59.49 
 (O3,C8,C11,H13) 55.91 67.35 74.09 -62.89 -57.64 -51.25 -171.50 N.A. -174.01 
 (O3,C8,C11,C14) -69.30 -57.75 -49.05 175.03 -179.63 -172.46 66.68 N.A. 65.23 
 (C8,C11,C14,H15) -51.89 -166.98 63.34 -59.54 178.37 57.68 -52.42 N.A. 32.24 
 (C8,C11,C14,C16) -169.31 76.21 -55.68 -177.27 61.15 -61.78 -169.95 N.A. -87.45 
 (C11,C14,C16,H17) 178.49 169.71 -175.26 177.15 172.01 -175.26 179.18 N.A. 176.74 
 (C11,C14,C16,H18) -62.00 -70.78 -56.08 -63.30 -68.79 -55.91 -61.33 N.A. -64.16 
 (C11,C14,C16,H19) 57.82 50.10 64.71 56.56 51.92 64.46 58.56 N.A. 55.63 
 (C8,C11,C14,C20) 67.86 -49.88 -179.04 59.82 -64.47 175.46 67.06 N.A. 150.55 
 (C11,C14,C20,H21) 175.77 -171.32 -176.17 175.46 -171.82 -177.51 178.09 N.A. 177.85 
 (C11,C14,C20,H22) -63.39 -51.27 -55.61 -64.34 -51.55 -56.90 -61.99 N.A. -61.59 
 (C11,C14,C20,H23) 57.02 69.56 64.18 56.27 68.85 62.92 59.17 N.A. 58.31 
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Table C.7 Structural Properties of all cis conformers of n-propyl acetate obtained from the Gaussian 
input. 
rotamer aa aM Pa PM PP 
 (C1,O2) 1.23 1.23 1.23 1.23 1.23 
 (C1,O3) 1.36 1.36 1.36 1.36 1.36 
 (C1,C4) 1.54 1.54 1.54 1.54 1.54 
 (C4,H5) 1.07 1.07 1.07 1.07 1.07 
 (C4,H6) 1.07 1.07 1.07 1.07 1.07 
 (C4,H7) 1.07 1.07 1.07 1.07 1.07 
 (O3,C8) 1.43 1.43 1.43 1.43 1.43 
 (C8,H9) 1.07 1.07 1.07 1.07 1.07 
 (C8,H10) 1.07 1.07 1.07 1.07 1.07 
 (C8,C11) 1.54 1.54 1.54 1.54 1.54 
 (C11,H12) 1.07 1.07 1.07 1.07 1.07 
 (C11,H13) 1.07 1.07 1.07 1.07 1.07 
 (C11,C14) 1.54 1.54 1.54 1.54 1.54 
 (C14,H15) 1.07 1.07 1.07 1.07 1.07 
 (C14,H16) 1.07 1.07 1.07 1.07 1.07 
 (C14,H17) 1.07 1.07 1.07 1.07 1.07 
 (O2,C1,O3) 117.63 117.63 117.63 117.63 117.63 
 (O2,C1,C4) 130.07 130.07 130.07 130.07 130.07 
 (C1,C4,H5) 109.47 109.47 109.47 109.47 109.47 
 (C1,C4,H6) 109.47 109.47 109.47 109.47 109.47 
 (C1,C4,H7) 109.47 109.47 109.47 109.47 109.47 
 (C1,O3,C8) 110.61 110.61 110.61 110.61 110.61 
 (O3,C8,H9) 109.47 109.47 109.47 109.47 109.47 
 (O3,C8,H10) 109.47 109.47 109.47 109.47 109.47 
 (O3,C8,C11) 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,H12) 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,H13) 109.47 109.47 109.47 109.47 109.47 
 (C8,C11,C14) 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,H15) 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,H16) 109.47 109.47 109.47 109.47 109.47 
 (C11,C14,H17) 109.47 109.47 109.47 109.47 109.47 
 (C4,C1,O2,O3) -180.00 -180.00 -180.00 -180.00 -180.00 
 (O2,C1,C4,H5) 120.00 120.00 120.00 120.00 119.88 
 (O2,C1,C4,H6) -120.00 -120.00 -120.00 -120.00 -120.12 
 (O2,C1,C4,H7) 0.00 0.00 0.00 0.00 -0.12 
 (O2,C1,O3,C8) 0.00 0.00 0.00 0.00 0.00 
 (C1,O3,C8,H9) -60.00 -60.00 180.00 179.99 180.00 
 (C1,O3,C8,H10) 60.00 60.00 -60.00 -60.01 -60.00 
 (C1,O3,C8,C11) 180.00 180.00 60.00 59.99 60.00 
 (O3,C8,C11,H12) -60.11 59.89 -104.81 135.20 135.19 
 (O3,C8,C11,H13) 59.89 179.89 15.19 15.20 -104.81 
 (O3,C8,C11,C14) 179.89 -60.11 135.19 -104.80 15.19 
 (C8,C11,C14,H15) 59.97 80.74 55.33 113.57 -93.55 
 (C8,C11,C14,H16) 179.97 -159.27 175.33 -126.43 26.45 
 (C8,C11,C14,H17) -60.03 -39.27 -64.67 -6.43 146.45 
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Table C.8 Structural Properties of all cis conformers of n-propyl acetate obtained from the Gaussian 
output after calculated on MP2/6-311++G(d,p) level of theory. 
rotamer aa aM Pa PM PP 
 (C1,O2) 1.21 1.21 1.21 1.21 1.21 
 (C1,O3) 1.35 1.35 1.35 1.36 1.35 
 (C1,C4) 1.51 1.51 1.51 1.51 1.51 
 (C4,H5) 1.09 1.09 1.09 1.09 1.09 
 (C4,H6) 1.09 1.09 1.09 1.09 1.09 
 (C4,H7) 1.09 1.09 1.09 1.09 1.09 
 (O3,C8) 1.44 1.44 1.44 1.44 1.44 
 (C8,H9) 1.09 1.09 1.09 1.09 1.09 
 (C8,H10) 1.09 1.10 1.09 1.09 1.09 
 (C8,C11) 1.52 1.52 1.52 1.52 1.52 
 (C11,H12) 1.09 1.10 1.09 1.10 1.10 
 (C11,H13) 1.09 1.10 1.10 1.10 1.09 
 (C11,C14) 1.53 1.53 1.53 1.53 1.53 
 (C14,H15) 1.09 1.09 1.09 1.09 1.09 
 (C14,H16) 1.09 1.09 1.09 1.09 1.10 
 (C14,H17) 1.09 1.10 1.09 1.09 1.09 
 (O2,C1,O3) 123.44 123.45 123.81 124.42 123.87 
 (O2,C1,C4) 125.99 125.99 125.75 125.58 125.74 
 (C1,C4,H5) 109.68 109.70 110.27 110.25 110.24 
 (C1,C4,H6) 109.67 109.67 109.01 109.04 109.09 
 (C1,C4,H7) 109.40 109.41 109.41 109.43 109.40 
 (C1,O3,C8) 114.79 114.87 115.39 117.03 115.49 
 (O3,C8,H9) 109.07 108.88 104.43 105.21 104.08 
 (O3,C8,H10) 109.07 108.89 109.20 109.14 109.06 
 (O3,C8,C11) 107.69 107.40 111.68 110.24 111.54 
 (C8,C11,H12) 108.97 109.01 108.93 107.26 107.32 
 (C8,C11,H13) 108.99 107.32 108.62 108.81 108.99 
 (C8,C11,C14) 110.95 112.73 110.91 113.19 112.65 
 (C11,C14,H15) 111.01 110.81 110.84 110.99 110.96 
 (C11,C14,H16) 110.93 111.03 110.97 110.68 110.84 
 (C11,C14,H17) 111.01 110.54 111.02 110.97 110.93 
 (C4,C1,O2,O3) -180.00 -179.98 -180.66 -180.00 -180.54 
 (O2,C1,C4,H5) 120.89 121.12 132.79 132.39 132.00 
 (O2,C1,C4,H6) -120.86 -120.62 -108.90 -109.34 -109.69 
 (O2,C1,C4,H7) 0.01 0.21 10.90 10.49 10.17 
 (O2,C1,O3,C8) 0.00 -0.46 2.28 1.37 2.02 
 (C1,O3,C8,H9) -58.88 -58.96 201.48 -137.12 200.57 
 (C1,O3,C8,H10) 58.87 58.87 -41.48 -19.51 -42.38 
 (C1,O3,C8,C11) 179.99 179.61 81.52 103.00 80.89 
 (O3,C8,C11,H12) -58.42 60.44 -61.77 175.02 179.79 
 (O3,C8,C11,H13) 58.49 176.05 55.51 59.49 -64.80 
 (O3,C8,C11,C14) 180.04 -62.66 176.89 -63.45 58.55 
 (C8,C11,C14,H15) 59.89 61.91 60.47 62.67 -60.58 
 (C8,C11,C14,H16) 179.84 -177.71 180.37 -177.80 59.25 
 (C8,C11,C14,H17) -60.20 -57.95 -59.66 -57.22 179.26 
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Table C.9 Structural Properties of methyl acetate according to Gaussian input and output data before 
and after calculated on MP2/6-311++G(d,p) level of theory. 
molecular properties input output 
 (C1,O2) 1.23 1.21 
 (C1,O3) 1.36 1.35 
 (C1,C4) 1.54 1.51 
 (O3,C8) 1.43 1.44 
 (C4,H5) 1.07 1.09 
 (C4,H6) 1.07 1.09 
 (C4,H7) 1.07 1.09 
 (C8,H9) 1.07 1.09 
 (C8,H10) 1.07 1.09 
 (C8,H11) 1.07 1.09 
 (O2,C1,O3) 117.63 123.33 
 (O2,C1,C4) 130.07 126.11 
 (O3,C1,C4) 112.29 110.55 
 (C1,O3,C8) 110.61 114.29 
 (C1,C4,H5) 109.47 109.67 
 (C1,C4,H6) 109.47 109.67 
 (C1,C4,H7) 109.47 109.39 
 (C5,C4,H6) 109.47 107.83 
 (C5,C4,H7) 109.47 110.12 
 (H6,C4,H7) 109.47 110.13 
 (O3,C8,H9) 109.47 105.39 
 (O3,C8,H10) 109.47 110.47 
 (O3,C8,C11) 109.47 110.47 
 (H9,C8,H10) 109.47 110.68 
 (H9,C8,H11) 109.47 110.68 
 (H10,C8,H11) 109.47 109.13 
 (O2,C1,O3,C8) 0.00 0.00 
 (C4,C1,O3,C8) 180.00 180.00 
 (O2,C1,C4,H5) 119.98 120.86 
 (O2,C1,C4,H6) -120.02 -120.90 
 (O2,C1,C4,H7) -0.02 -0.02 
(O3,C1,C4,H5) -60.01 -59.14 
(O3,C1,C4,H6) 59.99 59.11 
(O3,C1,C4,H7) 179.99 179.99 
 (C1,O3,C8,H9) 179.99 180.00 
 (C1,O3,C8,H10) -60.01 -60.42 
 (C1,O3,C8,C11) 59.99 60.42 
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Table C.10 Structural Properties of methyl acetate-d3 according to Gaussian input and output data 
before and after calculated on MP2/6-311++G(d,p) level of theory. 
molecular properties input output 
 (C1,D2) 1.07 1.09 
 (C1,D3) 1.07 1.09 
 (C1,D4) 1.07 1.09 
 (C1,C5) 1.54 1.51 
 (C5,O6) 1.26 1.21 
 (C5,O7) 1.43 1.35 
 (O7,C8) 1.43 1.44 
 (C8,H9) 1.07 1.09 
 (C8,H10) 1.07 1.09 
 (C8,H11) 1.07 1.09 
 (D2,C1,D3) 109.47 110.25 
 (D2,C1,D4) 109.47 110.00 
 (D2,C1,D5) 109.47 109.39 
 (D3,C1,D4) 109.47 107.84 
 (D3,C1,D5) 109.47 109.81 
 (D4,C1,D5) 109.47 109.53 
 (C1,C5,O6) 120.00 126.11 
 (C1,C5,O7) 120.00 110.56 
 (O6,C5,O7) 120.00 123.33 
 (C5,O7,C8) 109.47 114.29 
 (O7,C8,H9) 109.47 110.47 
 (O7,C8,H10) 109.47 105.39 
 (O7,C8,H11) 109.47 110.46 
 (H9,C8,H10) 109.47 110.68 
 (H9,C8,H11) 109.47 109.13 
 (H10,C8,H11) 109.47 110.68 
 (D2,C1,C5,O6) -30.00 -2.55 
 (D2,C1,C5,O7) 150.00 177.66 
 (D3,C1,C5,O6) -150.00 -123.67 
 (D3,C1,C5,O7) 30.00 56.55 
 (D4,C1,C5,O6) 90.00 118.08 
 (D4,C1,C5,O7) -90.00 -61.70 
(C1,C5,O7,C8) 150.00 179.60 
(O6,C5,O7,C8) -30.00 -0.19 
 (C5,O7,C8,H9) 60.00 60.48 
 (C5,O7,C8,H10) 180.00 -179.94 
 (C5,O7,C8,H11) -60.00 -60.37 
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Table C.11 Structural Properties of ethyl isovalerate obtained from the Gaussian input (part1). 
enantiomeric pair I II III IV V VI VII VIII IX X XI 
rotamer 
aa 
(P,M) 
aa 
(a,P) 
aP 
(a,P) 
aM 
(a,P) 
aM 
(P,M) 
PM 
(P,M) 
PM 
(M,a) 
Ma 
(P,M) 
PP 
(M,a) 
MM 
(P,M) 
Ma 
(a,P) 
(C5,O1) 1.22 1.23 1.23 1.23 1.22 1.23 1.22 1.23 1.22 1.23 1.22 
(C5,O2) 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36 
(C5,C4) 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 
(O2,C6) 1.45 1.45 1.46 1.46 1.45 1.45 1.45 1.45 1.45 1.45 1.45 
(C4,H9) 1.10 1.10 1.10 1.10 1.10 1.09 1.10 1.09 1.10 1.09 1.10 
(C4,H8) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
(C4,C3) 1.53 1.54 1.53 1.54 1.53 1.54 1.54 1.54 1.54 1.54 1.54 
(C3,H7) 1.10 1.10 1.10 1.10 1.10 1.10 1.53 1.10 1.53 1.10 1.53 
(C3,C2) 1.53 1.53 1.53 1.53 1.53 1.53 1.10 1.53 1.10 1.53 1.10 
(C3,C1) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
(C2,H4) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
(C2,H5) 1.09 1.10 1.10 1.10 1.09 1.10 1.10 1.10 1.10 1.10 1.10 
(C2,H6) 1.10 1.10 1.10 1.10 1.10 1.09 1.10 1.09 1.10 1.09 1.10 
(C1,H1) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
(C1,H3) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
(C1,H2) 1.09 1.10 1.10 1.10 1.09 1.10 1.10 1.10 1.10 1.10 1.10 
(C6,H11) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
(C6,H10) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
(C6,C7) 1.51 1.51 1.52 1.52 1.52 1.52 1.52 1.51 1.52 1.52 1.51 
(C7,H14) 1.09 1.09 1.09 1.10 1.10 1.09 1.10 1.10 1.09 1.10 1.09 
(C7,H12) 1.09 1.09 1.10 1.09 1.09 1.10 1.09 1.09 1.10 1.09 1.09 
(C7,H13) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (O1,C5,O2) 122.96 123.39 123.71 123.72 123.30 123.46 123.61 123.14 123.60 123.44 123.27 
 (O1,C5,C4) 127.04 124.51 124.36 124.35 126.85 125.13 125.74 125.31 125.68 125.07 125.85 
 (O2,C5,C4) 110.01 112.09 111.92 111.93 109.84 111.38 110.64 111.53 110.71 111.47 110.88 
 (C5,O2,C17) 115.13 115.09 115.67 115.69 115.76 115.72 115.87 115.12 115.85 115.65 115.28 
 (C5,C4,H9) 106.95 107.47 107.37 107.35 106.90 108.87 108.38 108.91 108.24 108.96 108.31 
 (C5,C4,H8) 106.95 109.65 109.57 109.62 106.98 107.61 107.17 107.61 107.06 107.40 107.05 
 (C5,C4,C7) 116.02 111.02 111.25 111.20 116.02 112.04 112.60 111.97 112.86 112.27 112.81 
 (H9,C4,H8) 105.59 108.34 108.13 108.26 105.59 108.79 108.44 108.82 108.31 108.81 108.26 
 (H9,C4,C3) 110.37 109.67 109.68 109.65 110.36 109.89 109.68 109.87 109.70 109.84 109.73 
 (H8,C4,C3) 110.37 110.60 110.73 110.65 110.41 109.56 110.45 109.58 110.52 109.48 110.55 
 (C4,C3,H7) 105.10 107.29 107.32 107.31 105.09 105.62 109.80 105.64 109.81 105.55 109.84 
 (C4,C3,C2) 112.34 110.09 110.09 110.07 112.48 112.21 107.66 112.16 107.69 112.20 107.70 
 (C4,C3,C1) 112.34 110.93 110.90 110.94 112.21 111.46 111.05 111.49 111.00 111.58 110.99 
 (H7,C3,C2) 107.46 108.82 108.85 108.83 107.46 108.03 108.62 108.04 108.65 108.03 108.63 
 (H7,C3,C1) 107.46 108.59 108.57 108.60 107.47 108.08 110.98 108.07 111.01 108.06 111.01 
 (C2,C3,C1) 111.67 111.01 111.00 110.98 111.67 111.16 108.63 111.15 108.59 111.12 108.57 
 (C3,C2,H4) 110.26 110.81 110.81 110.82 110.24 111.22 110.82 111.23 110.82 111.27 110.83 
 (C3,C2,H5) 110.99 111.33 111.34 111.33 111.00 110.15 110.61 110.17 110.62 110.15 110.62 
 (C3,C2,H6) 111.05 110.65 110.66 110.65 111.03 111.19 111.34 111.20 111.34 111.21 111.34 
 (H4,C2,H5) 108.21 108.03 108.02 108.03 108.27 108.11 107.82 108.12 107.82 108.14 107.82 
 (H4,C2,H6) 107.72 107.81 107.80 107.81 107.72 107.71 108.05 107.68 108.04 107.65 108.04 
 (H5,C2,H6) 108.49 108.08 108.08 108.08 108.48 108.34 108.06 108.32 108.06 108.29 108.06 
 (C3,C1,H1) 110.26 110.58 110.57 110.58 110.29 110.35 111.93 110.35 111.83 110.32 111.84 
 (C3,C1,H3) 111.05 111.79 111.76 111.81 111.07 111.62 110.58 111.62 110.60 111.63 110.60 
 (C3,C1,H2) 110.99 110.64 110.65 110.64 110.97 111.00 110.58 111.00 110.62 111.01 110.62 
 (H1,C1,H3) 107.72 108.05 108.10 108.04 107.73 108.25 107.83 108.26 107.87 108.24 107.86 
 (H1,C1,H2) 108.21 108.00 107.97 107.98 108.16 107.63 107.75 107.63 107.75 107.65 107.75 
 (H3,C1,H2) 108.49 107.65 107.65 107.66 108.51 107.85 108.02 107.83 108.02 107.84 108.02 
 (O2,C6,H11) 108.55 108.49 103.55 108.65 108.70 103.60 108.68 108.52 103.63 108.63 108.48 
 (O2,C6,H10) 108.55 108.44 108.62 103.57 103.61 108.68 103.61 108.51 108.64 103.60 108.55 
 (O2,C6,C7) 106.68 106.65 110.87 110.82 110.87 110.88 110.84 106.65 110.87 110.94 106.63 
 (H11,C6,H10) 108.21 108.20 109.79 109.80 109.73 109.77 109.74 108.15 109.76 109.76 108.19 
 (H11,C6,C7) 112.37 112.47 111.85 111.82 111.79 111.83 111.81 112.48 111.83 111.77 112.42 
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Table C.12 Structural Properties of ethyl isovalerate obtained from the Gaussian input (part2). 
enantiomeric pair  I II III IV V VI VII VIII IX X XI 
rotamer 
aa 
(P,M) 
aa 
(a,P) 
aP 
(a,P) 
aM 
(a,P) 
aM 
(P,M) 
PM 
(P,M) 
PM 
(M,a) 
Ma 
(P,M) 
PP 
(M,a) 
MM 
(P,M) 
Ma 
(a,P) 
 (H10,C6,C7) 112.37 112.44 111.81 111.84 111.80 111.75 111.82 112.39 111.76 111.80 112.44 
 (C6,C7,H14) 110.72 110.70 110.68 109.72 109.75 110.66 109.76 109.70 110.67 109.69 109.70 
 (C6,C7,H12) 109.67 109.68 109.70 110.69 110.69 109.72 110.73 110.69 109.73 110.73 110.71 
 (C6,C7,H13) 110.72 110.70 110.35 110.35 110.33 110.33 110.32 110.70 110.33 110.39 110.69 
 (H14,C7,H12) 108.50 108.50 108.38 108.31 108.38 108.41 108.30 108.51 108.39 108.29 108.49 
 (H14,C7,H13) 108.68 108.70 109.28 108.39 108.39 109.28 108.36 108.49 109.28 108.34 108.50 
 (H12,C7,H13) 108.50 108.50 108.38 109.32 109.25 108.39 109.31 108.69 108.39 109.34 108.70 
(O1,C5,O2,C6) 0.00 -0.10 -1.31 0.38 0.75 -0.09 1.17 1.08 -0.97 1.19 0.12 
(C4,C5,O2,C6) -180.00 -178.90 179.69 -178.88 -179.71 -178.29 -178.12 -177.25 179.85 -177.62 -179.28 
(O1,C5,C4,H9) 123.63 60.52 64.57 62.07 119.10 161.30 121.31 160.17 118.61 159.79 117.59 
(O1,C5,C4,H8) -123.63 178.08 -178.22 179.46 -128.18 43.55 4.46 42.37 2.05 42.08 1.06 
(O1,C5,C4,C3) 0.00 -59.41 -55.45 -57.87 -4.47 -76.95 -117.18 -78.12 -119.77 -78.31 -120.76 
(O2,C5,C4,H9) -56.38 -120.69 -116.44 -118.67 -60.43 -20.54 -59.42 -21.54 -62.23 -21.43 -63.03 
(O2,C5,C4,H8) 56.36 -3.14 0.78 -1.29 52.30 -138.29 -176.26 -139.35 -178.79 -139.13 -179.56 
(O2,C5,C4,C3) 179.99 119.37 123.55 121.39 176.01 101.22 62.09 100.17 59.39 100.47 58.62 
(C5,O2,C6,H11) -58.70 -58.67 157.84 -40.89 -40.98 157.46 -41.23 -59.01 157.80 -41.25 59.20 
(C5,O2,C6,H10) 58.69 58.63 41.17 -157.58 -157.64 40.78 -157.90 58.29 41.12 -157.91 -58.14 
(C5,O2,C6,C7) 179.99 179.95 -82.06 82.34 82.28 -82.43 82.02 179.59 -82.06 81.98 -179.50 
(C5,C4,C3,H7) 179.99 57.09 56.46 56.58 -178.65 -174.37 -179.51 -174.76 179.79 -176.10 179.53 
(C5,C4,C3,C2) 63.44 175.36 174.78 174.86 64.75 68.16 -61.42 67.77 -62.08 66.48 -62.33 
(C5,C4,C3,C1) -63.46 -61.37 -61.98 -61.91 -62.16 -57.24 57.38 -57.61 56.67 -58.97 56.39 
(H9,C4,C3,H7) 58.16 -61.53 -62.19 -61.98 59.60 -53.21 -58.74 -53.60 -59.42 -54.70 -59.63 
(H9,C4,C3,C2) -58.39 56.74 56.14 56.29 -57.00 -170.67 59.35 -171.06 58.71 -172.12 58.52 
(H9,C4,C3,C1) 174.71 -179.99 179.38 179.52 176.09 63.93 178.15 63.55 177.46 62.43 177.24 
(H8,C4,C3,H7) -58.18 179.04 178.56 178.66 -56.75 66.27 60.73 65.91 59.93 64.72 59.71 
(H8,C4,C3,C2) -174.73 -62.69 -63.12 -63.06 -173.35 -51.20 178.82 -51.56 178.07 -52.71 177.86 
(H8,C4,C3,C1) 58.37 60.58 60.12 60.17 59.74 -176.60 -62.39 -176.94 -63.19 -178.15 -63.43 
(C4,C3,C2,H4) 173.04 -178.46 -178.63 -178.57 173.19 56.64 178.29 56.67 178.21 56.34 178.19 
(C4,C3,C2,H5) -67.06 -58.20 -58.37 -58.31 -66.84 176.49 -62.18 176.55 -62.26 176.26 -62.27 
(C4,C3,C2,H6) 53.71 62.01 61.85 61.90 53.90 -63.39 58.00 -63.33 57.92 -63.67 57.90 
(H7,C3,C2,H4) 57.91 -61.14 -61.25 -61.23 58.01 -59.38 60.80 -59.35 60.66 -59.59 60.62 
(H7,C3,C2,H5) 177.81 59.12 59.00 59.03 177.97 60.48 -179.66 60.52 -179.81 60.32 -179.84 
(H7,C3,C2,H6) -61.41 179.33 179.23 179.24 -61.29 -179.41 -59.49 -179.36 -59.62 -179.61 -59.66 
(C1,C3,C2,H4) -59.70 58.31 58.19 58.23 -59.61 -177.80 -58.55 -177.76 -58.68 -177.97 -58.69 
(C1,C3,C2,H5) 60.20 178.57 178.45 178.48 60.35 -57.94 60.98 -57.88 60.85 -58.05 60.85 
(C1,C3,C2,H6) -179.03 -61.22 -61.33 -61.31 -178.91 62.17 -178.84 62.23 -178.97 62.02 -178.97 
(C4,C3,C1,H1) -173.04 -60.06 -60.28 -60.14 -172.87 -173.45 -61.09 -173.59 -61.07 -173.22 -61.06 
(C4,C3,C1,H3) -53.71 60.37 60.19 60.29 -53.51 -53.03 59.15 -53.16 59.18 -52.82 59.18 
(C4,C3,C1,H2) 67.06 -179.66 -179.86 -179.72 67.29 67.31 178.76 67.17 178.82 67.54 178.82 
(H7,C3,C1,H1) -57.91 -177.72 -177.95 -177.85 -57.82 -57.82 176.47 -57.92 176.50 -57.61 176.48 
(H7,C3,C1,H3) 61.41 -57.29 -57.49 -57.41 61.54 62.60 -63.28 62.51 -63.25 62.78 -63.28 
(H7,C3,C1,H2) -177.81 62.67 62.47 62.57 -177.67 -177.06 56.33 -177.16 56.39 -176.86 56.36 
(C2,C3,C1,H1) 59.71 62.69 62.44 62.57 59.79 60.57 57.12 60.47 57.13 60.74 57.13 
(C2,C3,C1,H3) 179.03 -176.89 -177.10 -177.00 179.15 -179.01 177.37 -179.10 177.38 -178.86 177.37 
(C2,C3,C1,H2) -60.20 -56.92 -57.14 -57.01 -60.05 -58.67 -63.02 -58.77 -62.98 -58.51 -62.99 
(O2,C6,C7,H14) 60.30 60.30 65.17 175.11 175.16 65.22 174.77 180.00 65.23 175.60 -179.98 
(O2,C6,C7,H12) 180.00 179.99 -175.29 -65.41 -65.26 -175.21 -65.71 -60.29 -175.20 -64.94 -60.28 
(O2,C6,C7,H13) -60.30 -60.30 -55.93 55.75 55.79 -55.85 55.44 60.30 -55.84 56.29 60.33 
(H11,C6,C7,H14) -58.54 -58.51 -179.81 -63.51 -63.38 -179.71 -63.81 61.14 -179.66 -63.00 -61.22 
(H11,C6,C7,H12) 61.16 61.18 -60.26 55.97 56.20 -60.13 55.72 -179.15 -60.09 56.46 58.48 
(H11,C6,C7,H13) -179.14 -179.11 59.09 177.12 177.25 59.23 176.86 -58.55 59.28 177.69 179.09 
(H10,C6,C7,H14) 179.14 179.05 -56.21 60.09 60.09 -56.20 59.71 -61.21 -56.15 60.49 61.17 
(H10,C6,C7,H12) -61.16 -61.26 63.34 179.57 179.67 63.38 179.23 58.50 63.42 179.96 -179.13 
(H10,C6,C7,H13) 58.54 58.44 -177.31 -59.27 -59.28 -177.26 -59.63 179.09 -177.21 -58.82 -58.53 
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Table C.13 Structural Properties of ethyl isovalerate obtained from the Gaussian output after 
calculated on MP2/6-311++G(d,p) level of theory (part1). 
enantiomeric pair I II III IV V VI VII VIII IX X XI 
rotamer 
aa 
(P,M) 
aa 
(a,P) 
aP 
(a,P) 
aM 
(a,P) 
aM 
(P,M) 
PM 
(P,M) 
PM 
(M,a) 
Ma 
(P,M) 
PP 
(M,a) 
MM 
(P,M) 
Ma 
(a,P) 
(C5,O1) 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 
(C5,O2) 1.35 1.35 1.35 1.35 1.35 1.35 1.36 1.35 1.36 1.35 1.36 
(C5,C4) 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 
(O2,C6) 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 
(C4,H9) 1.10 1.10 1.10 1.10 1.10 1.09 1.10 1.09 1.10 1.09 1.10 
(C4,H8) 1.10 1.09 1.09 1.09 1.10 1.09 1.09 1.09 1.09 1.09 1.09 
(C4,C3) 1.53 1.54 1.54 1.54 1.53 1.54 1.54 1.54 1.54 1.54 1.54 
(C3,H7) 1.10 1.10 1.10 1.10 1.10 1.10 1.53 1.10 1.53 1.10 1.53 
(C3,C2) 1.53 1.53 1.53 1.53 1.53 1.53 1.10 1.53 1.10 1.53 1.10 
(C3,C1) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
(C2,H4) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
(C2,H5) 1.09 1.09 1.09 1.09 1.09 1.09 1.10 1.09 1.10 1.09 1.10 
(C2,H6) 1.10 1.10 1.10 1.10 1.10 1.09 1.09 1.09 1.09 1.09 1.09 
(C1,H1) 1.09 1.10 1.10 1.10 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
(C1,H3) 1.10 1.09 1.09 1.09 1.10 1.09 1.10 1.09 1.10 1.09 1.10 
(C1,H2) 1.09 1.09 1.09 1.09 1.09 1.10 1.09 1.10 1.09 1.10 1.09 
(C6,H11) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
(C6,H10) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
(C6,C7) 1.51 1.51 1.52 1.52 1.52 1.52 1.52 1.51 1.52 1.52 1.51 
(C7,H14) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
(C7,H12) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
(C7,H13) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (O1,C5,O2) 123.12 123.73 124.14 124.14 123.53 123.80 123.94 123.40 123.94 123.80 123.53 
 (O1,C5,C4) 127.16 124.56 124.28 124.27 126.92 125.17 125.79 125.44 125.77 125.14 126.00 
 (O2,C5,C4) 109.72 111.68 111.55 111.58 109.55 110.99 110.26 111.14 110.27 111.05 110.45 
 (C5,O2,C17) 114.58 114.41 115.07 115.04 115.24 115.09 115.17 114.41 115.20 115.07 114.53 
 (C5,C4,H9) 106.88 107.66 107.52 107.48 106.91 109.07 108.75 109.10 108.71 109.09 108.75 
 (C5,C4,H8) 106.89 110.00 109.96 110.03 106.80 107.73 107.47 107.78 107.45 107.59 107.45 
 (C5,C4,C7) 115.73 110.41 110.55 110.54 115.75 111.66 112.02 111.55 112.10 111.82 112.08 
 (H9,C4,H8) 105.89 108.89 108.78 108.88 105.89 109.28 108.95 109.28 108.91 109.27 108.88 
 (H9,C4,C3) 110.46 109.50 109.50 109.45 110.51 109.70 109.43 109.69 109.45 109.71 109.43 
 (H8,C4,C3) 110.46 110.32 110.45 110.41 110.44 109.36 110.14 109.40 110.15 109.31 110.17 
 (C4,C3,H7) 105.48 107.11 107.12 107.10 105.45 105.90 109.96 105.96 109.97 105.89 110.00 
 (C4,C3,C2) 112.11 110.27 110.27 110.27 112.11 111.99 107.51 111.96 107.51 112.02 107.51 
 (C4,C3,C1) 112.12 110.76 110.70 110.77 112.16 111.42 110.90 111.41 110.88 111.44 110.88 
 (H7,C3,C2) 107.56 108.99 109.02 108.98 107.56 108.08 108.80 108.10 108.82 108.05 108.81 
 (H7,C3,C1) 107.56 108.56 108.56 108.59 107.54 108.08 110.96 108.08 110.97 108.08 110.97 
 (C2,C3,C1) 111.61 111.03 111.05 111.02 111.62 111.09 108.62 111.07 108.60 111.08 108.58 
 (C3,C2,H4) 110.32 110.82 110.82 110.82 110.33 111.05 110.82 111.05 110.82 111.05 110.82 
 (C3,C2,H5) 110.66 111.19 111.20 111.19 110.66 110.18 110.30 110.20 110.31 110.19 110.30 
 (C3,C2,H6) 110.88 110.34 110.35 110.34 110.89 110.96 111.20 110.95 111.21 110.99 111.21 
 (H4,C2,H5) 108.40 108.22 108.22 108.22 108.40 108.33 107.99 108.32 107.99 108.33 107.99 
 (H4,C2,H6) 107.92 107.97 107.97 107.98 107.92 107.79 108.23 107.79 108.23 107.76 108.23 
 (H5,C2,H6) 108.56 108.19 108.18 108.18 108.56 108.44 108.18 108.43 108.18 108.42 108.18 
 (C3,C1,H1) 110.32 110.33 110.33 110.31 110.32 110.36 111.73 110.37 111.70 110.38 111.70 
 (C3,C1,H3) 110.88 111.62 111.59 111.67 110.88 111.45 110.34 111.45 110.37 111.43 110.37 
 (C3,C1,H2) 110.66 110.64 110.66 110.65 110.67 110.78 110.60 110.76 110.60 110.76 110.61 
 (H1,C1,H3) 107.92 108.10 108.13 108.06 107.92 108.49 107.90 108.50 107.89 108.49 107.87 
 (H1,C1,H2) 108.40 108.19 108.17 108.18 108.40 107.76 107.95 107.75 107.95 107.77 107.96 
 (H3,C1,H2) 108.56 107.83 107.84 107.87 108.57 107.88 108.20 107.89 108.20 107.89 108.21 
 (O2,C6,H11) 109.06 108.99 104.22 109.04 109.12 104.24 109.06 109.00 104.29 109.01 109.02 
 (O2,C6,H10) 109.06 108.97 109.01 104.23 104.25 109.05 104.28 108.99 109.06 104.25 109.01 
 (O2,C6,C7) 106.95 106.95 111.07 111.05 111.11 111.09 111.08 106.98 111.13 111.18 106.99 
 (H11,C6,H10) 107.78 107.80 109.66 109.67 109.59 109.64 109.62 107.76 109.61 109.66 107.78 
 (H11,C6,C7) 111.97 112.05 111.52 111.12 111.09 111.49 111.09 112.05 111.45 111.06 111.99 
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Table C.14 Structural Properties of ethyl isovalerate obtained from the Gaussian output after 
calculated on MP2/6-311++G(d,p) level of theory (part2). 
enantiomeric pair  I II III IV V VI VII VIII IX X XI 
rotamer 
aa 
(P,M) 
aa 
(a,P) 
aP 
(a,P) 
aM 
(a,P) 
aM 
(P,M) 
PM 
(P,M) 
PM 
(M,a) 
Ma 
(P,M) 
PP 
(M,a) 
MM 
(P,M) 
Ma 
(a,P) 
 (H10,C6,C7) 111.97 112.01 111.13 111.50 111.45 111.10 111.48 111.99 111.08 111.45 111.99 
 (C6,C7,H14) 110.48 110.47 110.32 109.87 109.88 110.33 109.90 109.83 110.32 109.82 109.84 
 (C6,C7,H12) 109.84 109.84 109.87 110.35 110.35 109.85 110.33 110.52 109.86 110.39 110.52 
 (C6,C7,H13) 110.48 110.48 110.19 110.19 110.19 110.18 110.22 110.46 110.18 110.29 110.45 
 (H14,C7,H12) 108.67 108.67 108.57 108.53 108.54 108.59 108.51 108.66 108.58 108.49 108.65 
 (H14,C7,H13) 108.65 108.66 109.24 108.60 108.61 109.24 108.58 108.66 109.25 108.56 108.67 
 (H12,C7,H13) 108.67 108.67 108.61 109.27 109.22 108.61 109.25 108.66 108.61 109.27 108.66 
(O1,C5,O2,C6) 0.00 -0.01 -0.81 0.41 0.80 0.44 1.19 1.12 -0.18 0.92 0.45 
(C4,C5,O2,C6) 180.00 -178.19 -179.13 -178.19 -179.29 -177.72 -177.55 -177.11 -178.56 -177.85 -178.13 
(O1,C5,C4,H9) 123.48 57.35 60.07 57.92 124.45 160.41 124.46 160.00 124.23 160.41 123.60 
(O1,C5,C4,H8) -123.49 175.87 178.36 176.33 -122.55 41.90 6.66 41.45 6.51 41.97 5.90 
(O1,C5,C4,C3) 0.00 -62.14 -59.42 -61.47 0.86 -78.19 -114.45 -78.66 -114.65 -78.06 -115.27 
(O2,C5,C4,H9) -56.53 -124.49 -121.61 -123.48 -55.45 -21.47 -56.83 -21.80 -57.44 -20.85 -57.85 
(O2,C5,C4,H8) 56.50 -5.96 -3.32 -5.07 57.55 -139.98 -174.63 -140.36 -175.15 -139.28 -175.56 
(O2,C5,C4,C3) 179.99 116.03 118.90 117.13 -179.04 99.93 64.26 99.54 63.69 100.68 63.27 
(C5,O2,C6,H11) -58.73 -59.07 157.72 -41.15 -40.85 157.49 -41.58 -59.06 157.65 -40.97 58.20 
(C5,O2,C6,H10) 58.73 58.33 40.69 -158.21 -157.85 40.46 -158.62 58.32 40.63 -158.01 -59.21 
(C5,O2,C6,C7) 180.00 179.59 -82.08 81.62 81.98 -82.32 81.18 179.59 -82.15 81.79 179.50 
(C5,C4,C3,H7) 179.98 57.58 57.09 56.84 179.82 -175.27 179.53 -175.10 179.32 -175.43 179.18 
(C5,C4,C3,C2) 63.20 176.05 175.60 175.28 63.07 67.15 -62.18 67.27 -62.35 67.01 -62.49 
(C5,C4,C3,C1) -63.25 -60.64 -61.11 -61.42 -63.43 -57.98 56.43 -57.79 56.22 -58.14 56.06 
(H9,C4,C3,H7) 58.39 -60.78 -61.20 -61.36 58.14 -54.23 -59.78 -54.11 -59.98 -54.25 -60.09 
(H9,C4,C3,C2) -58.39 57.68 57.32 57.09 -58.61 -171.82 58.52 -171.73 58.35 -171.81 58.24 
(H9,C4,C3,C1) 175.16 -179.01 -179.40 -179.61 174.89 63.06 177.12 63.21 176.92 63.04 176.79 
(H8,C4,C3,H7) -58.43 179.38 179.02 178.81 -58.70 65.61 59.97 65.75 59.73 65.55 59.59 
(H8,C4,C3,C2) -175.21 -62.15 -62.47 -62.74 -175.44 -51.98 178.26 -51.88 178.06 -52.01 177.92 
(H8,C4,C3,C1) 58.34 61.15 60.82 60.56 58.06 -177.10 -63.13 -176.94 -63.37 -177.16 -63.52 
(C4,C3,C2,H4) 173.02 -178.30 -178.46 -178.47 173.00 56.10 177.86 56.24 177.85 56.14 177.82 
(C4,C3,C2,H5) -67.01 -57.89 -58.04 -58.05 -67.04 176.12 -62.60 176.27 -62.61 176.17 -62.64 
(C4,C3,C2,H6) 53.52 62.16 62.01 61.98 53.49 -63.77 57.42 -63.62 57.42 -63.72 57.39 
(H7,C3,C2,H4) 57.51 -60.99 -61.11 -61.18 57.53 -60.18 60.36 -60.10 60.33 -60.12 60.30 
(H7,C3,C2,H5) 177.47 59.43 59.30 59.24 177.49 59.84 179.90 59.93 179.87 59.91 179.83 
(H7,C3,C2,H6) -62.00 179.47 179.35 179.27 -61.98 179.95 -60.08 -179.96 -60.10 -179.98 -60.14 
(C1,C3,C2,H4) -60.25 58.55 58.46 58.37 -60.20 -178.60 -59.08 -178.51 -59.11 -178.52 -59.11 
(C1,C3,C2,H5) 59.71 178.97 178.87 178.79 59.75 -58.57 60.46 -58.48 60.43 -58.49 60.43 
(C1,C3,C2,H6) -179.75 -60.99 -61.08 -61.17 -179.71 61.53 -179.51 61.63 -179.54 61.63 -179.54 
(C4,C3,C1,H1) -173.02 -59.29 -59.49 -59.70 -172.89 -172.79 -61.35 -172.78 -61.21 -172.62 -61.21 
(C4,C3,C1,H3) -53.51 60.93 60.75 60.48 -53.40 -52.18 58.69 -52.15 58.82 -52.01 58.80 
(C4,C3,C1,H2) 67.02 -178.98 -179.17 -179.36 67.14 67.94 178.38 67.98 178.52 68.10 178.51 
(H7,C3,C1,H1) -57.50 -176.63 -176.80 -177.05 -57.40 -56.83 176.13 -56.76 176.27 -56.67 176.24 
(H7,C3,C1,H3) 62.00 -56.41 -56.57 -56.87 62.09 63.78 -63.83 63.88 -63.70 63.94 -63.76 
(H7,C3,C1,H2) -177.47 63.68 63.52 63.29 -177.37 -176.09 55.86 -176.00 56.00 -175.95 55.96 
(C2,C3,C1,H1) 60.26 63.58 63.36 63.17 60.34 61.58 56.59 61.66 56.70 61.70 56.70 
(C2,C3,C1,H3) 179.76 -176.20 -176.41 -176.66 179.84 -177.80 176.63 -177.71 176.73 -177.69 176.70 
(C2,C3,C1,H2) -59.71 -56.12 -56.32 -56.49 -59.63 -57.68 -63.69 -57.58 -63.57 -57.57 -63.58 
(O2,C6,C7,H14) 60.13 60.10 65.30 174.93 175.08 65.25 175.00 179.74 65.23 175.62 179.72 
(O2,C6,C7,H12) 180.00 179.96 -175.04 -65.44 -65.27 -175.08 -65.38 -60.39 -175.10 -64.81 -60.41 
(O2,C6,C7,H13) -60.13 -60.16 -55.41 55.32 55.44 -55.46 55.37 59.90 -55.48 56.03 59.87 
(H11,C6,C7,H14) -59.28 -59.28 -178.93 -63.51 -63.25 -178.96 -63.41 60.34 -178.92 -62.81 -60.88 
(H11,C6,C7,H12) 60.59 60.59 -59.27 56.12 56.41 -59.28 56.21 -179.79 -59.24 56.76 59.00 
(H11,C6,C7,H13) -179.54 -179.54 60.37 176.87 177.12 60.34 176.95 -59.50 60.38 177.60 179.28 
(H10,C6,C7,H14) 179.54 179.42 -56.25 59.17 59.28 -56.35 59.17 -60.90 -56.38 59.78 60.33 
(H10,C6,C7,H12) -60.59 -60.72 63.42 178.80 178.94 63.33 178.79 58.97 63.29 179.34 -179.80 
(H10,C6,C7,H13) 59.28 59.16 -176.95 -60.44 -60.36 -177.05 -60.46 179.26 -177.08 -59.82 -59.51 
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Table C.15 Structural Properties of ethyl butyrate obtained from the Gaussian input (part1). 
rotamer aaa aaP aaM Maa Paa MaP PaM MaM PaP 
 (C1,O2) 1.21 1.21 1.21 1.23 1.23 1.21 1.21 1.21 1.21 
 (C1,O3) 1.35 1.35 1.35 1.36 1.36 1.35 1.35 1.35 1.35 
 (C1,C4) 1.51 1.51 1.51 1.54 1.54 1.52 1.52 1.52 1.52 
 (C4,H5) 1.10 1.10 1.10 1.07 1.07 1.10 1.09 1.10 1.09 
 (C4,H6) 1.10 1.10 1.10 1.07 1.07 1.09 1.10 1.09 1.10 
 (C4,C7) 1.53 1.53 1.53 1.54 1.54 1.53 1.53 1.53 1.53 
 (C7,H8) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (C7,H9) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (C7,C10) 1.53 1.53 1.53 1.54 1.54 1.53 1.53 1.53 1.53 
 (C10,H11) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (C10,H12) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (C10,H13) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (O3,C14) 1.45 1.45 1.45 1.43 1.43 1.45 1.45 1.45 1.45 
 (C14,H15) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (C14,H16) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (C14,C17) 1.51 1.52 1.52 1.54 1.54 1.52 1.52 1.52 1.52 
 (C17,H18) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (C17,H19) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
 (C17,H20) 1.09 1.09 1.09 1.07 1.07 1.09 1.09 1.09 1.09 
  (O2,C1,O3) 123.32 123.69 123.69 117.63 117.63 123.65 123.65 123.64 123.64 
  (O2,C1,C4) 125.79 125.65 125.65 130.07 130.07 125.42 125.42 125.33 125.33 
  (C1,C4,H5) 107.56 107.61 107.35 109.47 109.47 105.99 108.64 106.00 108.73 
  (C1,C4,H6) 107.57 107.42 107.67 109.47 109.47 108.64 105.99 108.73 106.00 
  (C1,C4,C7) 113.78 113.83 113.82 109.47 109.47 113.83 113.83 113.65 113.65 
  (C4,C7,H8) 109.19 109.21 109.21 109.47 109.47 108.12 108.12 108.15 108.15 
  (C4,C7,H9) 109.19 109.20 109.20 109.47 109.47 108.93 108.93 108.90 108.90 
  (C4,C7,C10) 112.28 112.28 112.29 109.47 109.47 113.46 113.46 113.41 113.41 
  (C7,C10,H11) 111.05 111.41 111.04 109.47 109.47 111.19 110.96 111.17 110.96 
  (C7,C10,H12) 111.41 111.05 111.41 109.47 109.47 110.96 111.19 110.96 111.17 
  (C7,C10,H13) 111.41 111.42 111.43 109.47 109.47 111.20 111.20 111.22 111.22 
  (C1,O3,C14) 116.58 117.39 117.39 110.61 110.61 117.39 117.39 117.37 117.37 
  (O3,C14,H15) 108.62 104.18 104.18 109.47 109.47 104.15 108.76 104.13 104.13 
  (O3,C14,H16) 108.63 108.75 108.75 109.47 109.47 108.76 104.15 108.72 108.72 
  (O3,C14,C17) 107.65 111.47 111.47 109.47 109.47 111.48 111.48 111.49 111.49 
  (C14,C17,H18) 111.06 109.61 110.96 109.47 109.47 109.59 110.95 110.96 109.61 
  (C14,C17,H19) 109.66 110.96 109.61 109.47 109.47 110.95 109.59 109.61 110.96 
  (C14,C17,H20) 111.06 110.90 110.89 109.47 109.47 110.88 110.88 110.89 110.89 
 (O3,O2,C1,C4) -179.99 -179.85 179.94 -180.00 -180.00 -177.95 177.95 -178.57 178.57 
 (O2,C1,C4,H5) 123.45 125.44 120.40 120.00 120.00 99.84 146.70 97.36 148.99 
 (O2,C1,C4,H6) -123.50 -121.58 -126.61 -120.00 -120.00 -146.71 -99.85 -148.99 -97.36 
 (O2,C1,C4,C7) -0.02 1.75 -2.82 0.00 0.00 -21.65 21.65 -23.94 23.94 
 (C1,C4C7,H8) -57.65 57.79 -58.01 179.88 180.00 168.07 -168.07 168.49 -168.49 
 (C1,C4,C7,H9) 57.65 -57.53 57.31 59.88 -60.00 52.31 -52.31 52.70 -52.70 
 (C1,C4C7,C10) 180.00 -179.88 179.68 -60.12 60.00 -70.21 70.21 -69.77 69.77 
 (C4,C7C10,H11) 180.00 59.98 -179.91 100.37 139.70 61.67 178.65 61.45 178.87 
 (C4,C7C10,H12) -60.06 179.92 -59.98 -139.63 -100.30 -178.65 -61.67 -178.87 -61.45 
 (C4,C7C10,H13) 60.06 -60.14 60.15 -19.63 19.70 -58.89 58.89 -59.07 59.07 
 (O2,C1,O3,C14) 0.00 0.47 -0.61 0.00 0.00 -1.05 1.05 -1.59 1.59 
 (C1,O3,C14,H15) -58.48 -152.29 152.29 -59.35 59.35 -152.09 35.47 152.97 -152.97 
 (C1,O3,C14,H16) 58.43 -35.68 35.67 60.65 -60.65 -35.47 152.09 36.38 -36.38 
 (C1,O3,C14,C17) 179.98 87.44 -87.44 -179.35 179.35 87.67 -87.67 -86.76 86.76 
 (O3,C14,C17,H18) 60.37 175.99 64.71 59.91 -179.91 175.73 64.92 64.82 175.86 
 (O3,C14,C17,H19) 180.00 -64.68 -175.96 179.91 -59.91 -64.93 -175.73 -175.86 -64.82 
 (O3,C14,C17,H20) -60.37 56.60 -56.57 -60.09 60.09 56.34 -56.34 -56.47 56.47 
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Table C.16 Structural Properties of ethyl butyrate obtained from the Gaussian input (part2). 
rotamer PPa MMa PPP MMM PPM MMP aPa aMa aPP 
 (C1,O2) 1.21 1.26 1.21 1.26 1.21 1.26 1.26 1.26 1.26 
 (C1,O3) 1.35 1.43 1.35 1.43 1.35 1.43 1.43 1.43 1.43 
 (C1,C4) 1.51 1.54 1.51 1.54 1.51 1.54 1.54 1.54 1.54 
 (C4,H5) 1.10 1.07 1.10 1.07 1.10 1.07 1.07 1.07 1.07 
 (C4,H6) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C4,C7) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C7,H8) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C7,H9) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C7,C10) 1.53 1.54 1.53 1.54 1.53 1.54 1.54 1.54 1.54 
 (C10,H11) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C10,H12) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C10,H13) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (O3,C14) 1.45 1.43 1.45 1.43 1.45 1.43 1.43 1.43 1.43 
 (C14,H15) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C14,H16) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C14,C17) 1.51 1.54 1.52 1.54 1.52 1.54 1.54 1.54 1.54 
 (C17,H18) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C17,H19) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
 (C17,H20) 1.09 1.07 1.09 1.07 1.09 1.07 1.07 1.07 1.07 
  (O2,C1,O3) 123.18 119.64 123.52 120.00 123.54 120.00 120.00 120.00 120.00 
  (O2,C1,C4) 125.41 119.96 125.27 120.00 125.28 120.00 120.00 120.00 120.00 
  (C1,C4,H5) 107.60 109.47 107.47 109.47 107.54 109.47 109.47 109.47 109.47 
  (C1,C4,H6) 106.84 109.47 106.86 109.47 106.88 109.47 109.47 109.47 109.47 
  (C1,C4,C7) 114.08 109.47 114.18 109.47 114.06 109.47 109.47 109.47 109.47 
  (C4,C7,H8) 107.83 109.47 107.80 109.47 107.82 109.47 109.47 109.47 109.47 
  (C4,C7,H9) 109.05 109.47 109.06 109.47 109.04 109.47 109.47 109.47 109.47 
  (C4,C7,C10) 113.53 109.47 113.58 109.47 113.53 109.47 109.47 109.47 109.47 
  (C7,C10,H11) 111.26 109.47 111.27 109.47 111.27 109.47 109.47 109.47 109.47 
  (C7,C10,H12) 110.92 109.47 110.90 109.47 110.90 109.47 109.47 109.47 109.47 
  (C7,C10,H13) 111.60 109.47 111.62 109.47 111.58 109.47 109.47 109.47 109.47 
  (C1,O3,C14) 116.63 109.47 117.40 109.47 117.39 109.47 109.47 109.47 109.47 
  (O3,C14,H15) 108.59 109.47 104.14 109.47 104.19 109.47 109.47 109.47 109.47 
  (O3,C14,H16) 108.64 109.47 108.70 109.47 108.73 109.47 109.47 109.47 109.47 
  (O3,C14,C17) 107.66 109.47 111.59 109.47 111.46 109.47 109.47 109.47 109.47 
  (C14,C17,H18) 111.05 109.47 109.58 109.47 110.96 109.47 109.47 109.47 109.47 
  (C14,C17,H19) 109.66 109.47 110.92 109.47 109.61 109.47 109.47 109.47 109.47 
  (C14,C17,H20) 111.06 109.47 110.96 109.47 110.88 109.47 109.47 109.47 109.47 
 (O3,O2,C1,C4) -179.50 -174.01 -179.10 180.00 -179.82 -180.00 -180.00 180.00 180.00 
 (O2,C1,C4,H5) 117.47 -126.02 117.48 -120.00 117.51 -120.00 120.00 -120.00 120.00 
 (O2,C1,C4,H6) 1.75 -6.02 1.79 0.00 1.80 0.00 0.00 0.00 0.00 
 (O2,C1,C4,C7) -121.05 113.98 -121.09 120.00 -121.05 120.00 -120.00 120.00 -120.00 
 (C1,C4C7,H8) -176.06 60.00 -175.53 60.00 -176.22 60.00 -60.00 60.00 -60.00 
 (C1,C4,C7,H9) -60.68 -180.00 -60.17 180.00 -60.80 -180.00 60.00 -60.00 60.00 
 (C1,C4C7,C10) 62.40 -60.00 62.97 -60.00 62.26 -60.00 180.00 180.00 180.00 
 (C4,C7C10,H11) 58.56 180.00 58.64 180.00 58.47 -180.00 180.00 60.00 -180.00 
 (C4,C7C10,H12) 178.58 -60.00 178.64 -60.00 178.50 -60.00 -60.00 180.00 -60.00 
 (C4,C7C10,H13) -61.48 60.00 -61.43 60.00 -61.59 60.00 60.00 -60.00 60.00 
 (O2,C1,O3,C14) 0.04 3.00 0.12 -30.00 -0.17 30.00 -30.00 -30.00 -30.00 
 (C1,O3,C14,H15) -58.52 60.00 -152.89 60.00 152.72 180.00 60.00 60.00 -60.00 
 (C1,O3,C14,H16) 58.36 -60.00 -36.30 -180.00 36.08 -60.00 -60.00 -60.00 180.00 
 (C1,O3,C14,C17) 179.94 -180.00 86.82 -60.00 -87.01 60.00 180.00 -180.00 60.00 
 (O3,C14,C17,H18) 60.41 180.00 176.23 60.00 64.83 -180.00 180.00 60.00 -180.00 
 (O3,C14,C17,H19) -179.97 -60.00 -64.50 -180.00 -175.83 -60.00 -60.00 180.00 -60.00 
 (O3,C14,C17,H20) -60.36 60.00 56.85 -60.00 -56.44 60.00 60.00 -60.00 60.00 
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Table C.17 Structural Properties of ethyl butyrate obtained from the Gaussian input (part3). 
rotamer aMM aPM aMP MPa PMa MPP PMM MPM PMP 
 (C1,O2) 1.26 1.21 1.26 1.26 1.26 1.26 1.26 1.26 1.26 
 (C1,O3) 1.43 1.35 1.43 1.43 1.43 1.43 1.43 1.43 1.43 
 (C1,C4) 1.54 1.51 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C4,H5) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C4,H6) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C4,C7) 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C7,H8) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C7,H9) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C7,C10) 1.54 1.53 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C10,H11) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C10,H12) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C10,H13) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (O3,C14) 1.43 1.45 1.43 1.43 1.43 1.43 1.43 1.43 1.43 
 (C14,H15) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C14,H16) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C14,C17) 1.54 1.52 1.54 1.54 1.54 1.54 1.54 1.54 1.54 
 (C17,H18) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C17,H19) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
 (C17,H20) 1.07 1.09 1.07 1.07 1.07 1.07 1.07 1.07 1.07 
  (O2,C1,O3) 120.00 123.66 120.00 120.00 120.00 120.00 120.00 120.00 120.00 
  (O2,C1,C4) 120.00 125.06 120.00 120.00 120.00 120.00 120.00 120.00 120.00 
  (C1,C4,H5) 109.47 109.40 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C1,C4,H6) 109.47 107.41 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C1,C4,C7) 109.47 111.58 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C4,C7,H8) 109.47 109.07 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C4,C7,H9) 109.47 108.91 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C4,C7,C10) 109.47 112.23 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C7,C10,H11) 109.47 111.02 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C7,C10,H12) 109.47 111.24 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C7,C10,H13) 109.47 111.25 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C1,O3,C14) 109.47 117.38 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (O3,C14,H15) 109.47 104.20 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (O3,C14,H16) 109.47 108.77 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (O3,C14,C17) 109.47 111.40 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C14,C17,H18) 109.47 110.93 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C14,C17,H19) 109.47 109.61 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
  (C14,C17,H20) 109.47 110.88 109.47 109.47 109.47 109.47 109.47 109.47 109.47 
 (O3,O2,C1,C4) -180.00 177.84 180.00 -180.00 -180.00 180.00 -180.00 -180.00 180.00 
 (O2,C1,C4,H5) -120.00 146.76 -120.00 90.00 -150.00 90.00 -150.00 90.00 -150.00 
 (O2,C1,C4,H6) 0.00 28.84 0.00 -30.00 -30.00 -30.00 -30.00 -30.00 -30.00 
 (O2,C1,C4,C7) 120.00 -91.61 120.00 -150.00 90.00 -150.00 90.00 -150.00 90.00 
 (C1,C4C7,H8) 60.00 -59.55 60.00 60.00 180.00 60.00 180.00 60.00 180.00 
 (C1,C4,C7,H9) -60.00 56.73 -60.00 -180.00 -60.00 -180.00 -60.00 -180.00 -60.00 
 (C1,C4C7,C10) 180.00 178.53 180.00 -60.00 60.00 -60.00 60.00 -60.00 60.00 
 (C4,C7C10,H11) 60.00 -179.80 60.00 -60.00 180.00 -60.00 -180.00 -60.00 180.00 
 (C4,C7C10,H12) -180.00 -59.87 180.00 60.00 -60.00 60.00 -60.00 60.00 -60.00 
 (C4,C7C10,H13) -60.00 60.25 -60.00 180.00 60.00 -180.00 60.00 -180.00 60.00 
 (O2,C1,O3,C14) -30.00 0.39 -30.00 -30.00 30.00 -30.00 30.00 -30.00 30.00 
 (C1,O3,C14,H15) -180.00 151.84 -180.00 60.00 60.00 -60.00 -180.00 -180.00 180.00 
 (C1,O3,C14,H16) 60.00 35.15 -60.00 -60.00 -60.00 180.00 60.00 60.00 -60.00 
 (C1,O3,C14,C17) -60.00 -87.90 60.00 -180.00 180.00 60.00 -60.00 -60.00 60.00 
 (O3,C14,C17,H18) -60.00 64.74 134.49 60.00 60.00 180.00 60.00 60.00 180.00 
 (O3,C14,C17,H19) 60.00 -175.92 -105.51 180.00 -180.00 -60.00 -180.00 180.00 -60.00 
 (O3,C14,C17,H20) 180.00 -56.50 14.49 -60.00 -60.00 60.00 -60.00 -60.00 60.00 
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Table C.18 Structural Properties of ethyl butyrate obtained from the Gaussian output after calculated 
on MP2/6-311++G(d,p) level of theory (part1). 
rotamer aaa aaP aaM Maa Paa MaP PaM MaM PaP 
 (C1,O2) 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 
 (C1,O3) 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 1.35 
 (C1,C4) 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 
 (C4,H5) 1.10 1.10 1.10 1.10 1.09 1.10 1.09 1.10 1.09 
 (C4,H6) 1.10 1.10 1.10 1.09 1.10 1.09 1.10 1.09 1.10 
 (C4,C7) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
 (C7,H8) 1.09 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (C7,H9) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C7,C10) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
 (C10,H11) 1.09 1.10 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C10,H12) 1.10 1.09 1.10 1.09 1.09 1.09 1.09 1.09 1.09 
 (C10,H13) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 
 (O3,C14) 1.44 1.44 1.45 1.44 1.44 1.45 1.45 1.45 1.45 
 (C14,H15) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C14,H16) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C14,C17) 1.51 1.52 1.52 1.51 1.51 1.52 1.52 1.52 1.52 
 (C17,H18) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C17,H19) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C17,H20) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
  (O2,C1,O3) 123.51 123.86 123.86 123.50 123.50 123.86 123.86 123.85 123.85 
  (O2,C1,C4) 125.77 125.58 125.58 125.08 125.07 124.82 124.82 124.99 124.99 
  (C1,C4,H5) 107.74 108.22 107.17 106.45 109.11 106.50 109.15 106.32 109.05 
  (C1,C4,H6) 107.74 107.17 108.22 109.11 106.45 109.15 106.50 109.05 106.32 
  (C1,C4,C7) 112.99 113.00 113.00 111.82 111.81 111.68 111.68 111.99 111.99 
  (C4,C7,H8) 109.08 109.08 109.08 108.59 108.59 108.61 108.61 108.56 108.56 
  (C4,C7,H9) 109.08 109.06 109.06 108.86 108.86 108.86 108.86 108.88 108.88 
  (C4,C7,C10) 111.70 111.69 111.69 112.11 112.11 112.08 112.08 112.13 112.13 
  (C7,C10,H11) 111.13 110.87 111.13 110.85 111.08 110.87 111.09 110.85 111.07 
  (C7,C10,H12) 110.93 111.13 110.87 111.08 110.85 111.09 110.87 111.07 110.85 
  (C7,C10,H13) 110.93 110.97 110.97 110.75 110.75 110.78 110.78 110.74 110.74 
  (C1,O3,C14) 114.85 115.52 115.52 114.78 114.78 115.47 115.47 115.44 115.44 
  (O3,C14,H15) 108.86 104.12 104.12 108.83 108.83 104.14 109.04 104.09 104.09 
  (O3,C14,H16) 108.86 109.00 109.00 108.82 108.82 109.04 104.14 109.00 109.00 
  (O3,C14,C17) 107.10 111.18 111.18 107.07 107.07 111.04 111.04 111.15 111.15 
  (C14,C17,H18) 110.68 109.66 110.67 110.69 109.58 109.67 110.63 110.68 109.63 
  (C14,C17,H19) 109.59 110.67 109.66 109.58 110.69 110.63 109.67 109.63 110.68 
  (C14,C17,H20) 110.68 110.27 110.27 110.67 110.67 110.27 110.27 110.29 110.29 
 (O3,O2,C1,C4) -179.99 179.52 -179.52 -178.65 -181.33 -178.60 178.60 -178.78 178.78 
 (O2,C1,C4,H5) 122.95 134.44 111.47 86.10 158.59 84.06 160.28 88.23 156.52 
 (O2,C1,C4,H6) -123.00 -111.46 -134.43 -158.43 -85.93 -160.28 -84.06 -156.52 -88.23 
 (O2,C1,C4,C7) -0.02 10.65 -10.65 -34.66 34.83 -36.61 36.61 -32.62 32.62 
 (C1,C4C7,H8) -57.87 59.09 -59.09 172.38 187.60 172.73 -172.73 171.93 -171.93 
 (C1,C4,C7,H9) 57.87 -56.69 56.69 55.71 -55.73 56.05 -56.05 55.27 -55.27 
 (C1,C4C7,C10) 180.00 -178.93 178.93 -66.10 66.08 -65.75 65.75 -66.57 66.57 
 (C4,C7C10,H11) 180.00 60.22 179.74 61.45 178.80 61.49 178.76 61.47 178.75 
 (C4,C7C10,H12) -59.93 -179.74 -60.22 -178.79 -61.45 -178.76 -61.49 -178.75 -61.47 
 (C4,C7C10,H13) 59.93 -59.64 59.64 -58.79 58.79 -58.72 58.72 -58.76 58.76 
 (O2,C1,O3,C14) 0.00 2.46 -2.46 -1.25 1.23 0.12 -0.12 -2.83 2.83 
 (C1,O3,C14,H15) -58.78 -158.93 158.93 -59.16 59.20 -157.91 41.01 159.08 -159.08 
 (C1,O3,C14,H16) 58.76 -42.11 42.11 58.33 -58.30 -41.01 157.91 42.23 -42.23 
 (C1,O3,C14,C17) 179.99 80.97 -80.97 -180.44 180.47 82.05 -82.05 -80.84 80.84 
 (O3,C14,C17,H18) 60.33 175.50 64.94 60.19 -179.86 175.58 64.85 64.84 175.61 
 (O3,C14,C17,H19) 180.00 -64.94 -175.50 179.85 -60.20 -64.85 -175.58 -175.61 -64.84 
 (O3,C14,C17,H20) -60.33 56.13 -56.13 -60.48 60.48 56.16 -56.16 -56.25 56.25 
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Table C.19 Structural Properties of ethyl butyrate obtained from the Gaussian output after calculated 
on MP2/6-311++G(d,p) level of theory (part2). 
rotamer PPa MMa PPP MMM PPM MMP aPa aMa aPP 
 (C1,O2) 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 
 (C1,O3) 1.35 1.35 1.36 1.36 1.36 1.36 1.35 1.35 1.35 
 (C1,C4) 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 
 (C4,H5) 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.09 1.10 
 (C4,H6) 1.09 1.09 1.09 1.09 1.09 1.09 1.10 1.09 1.10 
 (C4,C7) 1.53 1.53 1.54 1.54 1.53 1.53 1.53 1.54 1.53 
 (C7,H8) 1.10 1.09 1.10 1.09 1.10 1.09 1.09 1.10 1.09 
 (C7,H9) 1.09 1.10 1.09 1.10 1.09 1.10 1.09 1.10 1.10 
 (C7,C10) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
 (C10,H11) 1.10 1.09 1.10 1.09 1.10 1.09 1.09 1.09 1.09 
 (C10,H12) 1.09 1.10 1.09 1.10 1.09 1.10 1.10 1.09 1.10 
 (C10,H13) 1.10 1.10 1.09 1.09 1.09 1.09 1.10 1.09 1.10 
 (O3,C14) 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 1.44 
 (C14,H15) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C14,H16) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C14,C17) 1.51 1.51 1.52 1.52 1.52 1.52 1.51 1.51 1.52 
 (C17,H18) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C17,H19) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C17,H20) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
  (O2,C1,O3) 123.34 123.34 123.69 123.71 123.69 123.69 123.51 123.49 123.86 
  (O2,C1,C4) 125.98 125.98 125.84 125.83 125.80 125.80 125.77 125.58 125.57 
  (C1,C4,H5) 108.10 108.11 108.18 108.18 108.01 108.02 107.74 109.60 107.17 
  (C1,C4,H6) 107.06 107.06 107.12 107.12 107.06 107.06 107.74 107.74 108.22 
  (C1,C4,C7) 112.20 112.20 112.07 112.07 112.28 112.27 112.99 110.45 113.00 
  (C4,C7,H8) 108.33 109.15 108.30 109.11 108.31 109.13 109.08 108.93 109.06 
  (C4,C7,H9) 109.15 108.33 109.11 108.29 109.13 108.31 109.08 108.77 109.08 
  (C4,C7,C10) 112.16 112.16 112.22 112.22 112.17 112.16 111.70 111.74 111.70 
  (C7,C10,H11) 110.88 111.02 110.88 111.00 110.89 111.01 111.13 110.75 111.13 
  (C7,C10,H12) 111.03 110.88 110.99 110.88 111.01 110.88 110.93 111.13 110.97 
  (C7,C10,H13) 111.10 111.10 111.13 111.14 111.08 111.08 110.93 110.74 110.87 
  (C1,O3,C14) 114.88 114.88 115.55 115.58 115.56 115.58 114.85 114.85 115.52 
  (O3,C14,H15) 108.85 108.86 104.16 109.04 104.16 104.16 108.86 108.84 104.12 
  (O3,C14,H16) 108.84 108.84 109.04 104.16 109.01 109.01 108.86 108.81 109.00 
  (O3,C14,C17) 107.06 107.06 111.09 111.09 111.15 111.14 107.09 107.09 111.17 
  (C14,C17,H18) 110.66 109.61 109.68 110.66 110.65 109.64 109.58 110.69 109.67 
  (C14,C17,H19) 109.61 110.66 110.67 109.68 109.64 110.64 110.68 109.61 110.66 
  (C14,C17,H20) 110.68 110.68 110.28 110.29 110.27 110.27 110.68 110.65 110.27 
 (O3,O2,C1,C4) 179.61 -179.60 179.65 180.34 179.39 -179.37 -180.00 182.98 179.52 
 (O2,C1,C4,H5) 115.81 -115.86 117.68 -117.67 115.93 -115.92 -122.97 -145.17 -111.40 
 (O2,C1,C4,H6) -0.87 0.82 0.83 -0.81 -0.71 0.72 122.98 -26.34 134.50 
 (O2,C1,C4,C7) -122.65 122.60 -120.86 120.87 -122.56 122.56 0.00 93.77 10.71 
 (C1,C4C7,H8) 178.88 64.64 179.14 64.50 179.26 64.29 -57.87 59.52 -56.68 
 (C1,C4,C7,H9) -64.64 -178.88 -64.42 180.94 -64.26 -179.23 57.87 -57.14 59.10 
 (C1,C4C7,C10) 57.55 -57.55 57.81 -57.73 57.92 -57.89 -180.00 181.30 -178.92 
 (C4,C7C10,H11) 57.28 182.45 57.13 182.66 57.40 -177.64 -180.00 59.65 -179.74 
 (C4,C7C10,H12) 177.55 -57.28 177.36 -57.11 177.66 -57.39 -59.93 179.73 -59.63 
 (C4,C7C10,H13) -62.56 62.56 -62.75 62.77 -62.46 62.48 59.93 -60.18 60.22 
 (O2,C1,O3,C14) -0.12 0.13 1.59 -1.57 -1.64 1.65 0.00 -1.06 2.45 
 (C1,O3,C14,H15) -58.83 58.74 -158.77 41.73 158.74 201.29 -58.77 57.68 -158.92 
 (C1,O3,C14,H16) 58.61 -58.70 -41.88 -201.38 41.86 -41.83 58.77 -59.79 -42.09 
 (C1,O3,C14,C17) 179.88 -179.97 81.15 -81.30 -81.16 81.19 180.00 -181.06 80.98 
 (O3,C14,C17,H18) 60.20 180.13 175.38 65.10 64.96 -184.43 -180.00 60.17 175.47 
 (O3,C14,C17,H19) 179.86 -60.21 -65.07 -175.36 -175.45 -64.85 -60.34 179.85 -64.96 
 (O3,C14,C17,H20) -60.47 60.46 56.03 -55.99 -56.10 56.20 60.34 -60.49 56.10 
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Table C.20 Structural Properties of ethyl butyrate obtained from the Gaussian output after calculated 
on MP2/6-311++G(d,p) level of theory (part3). 
rotamer aMM aPM aMP MPa PMa MPP PMM MPM PMP 
 (C1,O2) 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 1.21 
 (C1,O3) 1.36 1.36 1.36 1.35 1.35 1.36 1.35 1.36 1.35 
 (C1,C4) 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 1.51 
 (C4,H5) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C4,H6) 1.09 1.09 1.09 1.10 1.10 1.10 1.10 1.10 1.10 
 (C4,C7) 1.54 1.54 1.54 1.53 1.53 1.53 1.53 1.54 1.53 
 (C7,H8) 1.10 1.10 1.10 1.09 1.10 1.09 1.10 1.09 1.10 
 (C7,H9) 1.10 1.10 1.10 1.10 1.09 1.10 1.09 1.10 1.09 
 (C7,C10) 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 1.53 
 (C10,H11) 1.09 1.09 1.09 1.10 1.09 1.10 1.09 1.10 1.09 
 (C10,H12) 1.09 1.09 1.09 1.10 1.09 1.09 1.09 1.09 1.09 
 (C10,H13) 1.09 1.09 1.09 1.09 1.10 1.09 1.10 1.09 1.10 
 (O3,C14) 1.44 1.44 1.44 1.44 1.44 1.44 1.45 1.44 1.45 
 (C14,H15) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C14,H16) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C14,C17) 1.52 1.52 1.52 1.51 1.51 1.52 1.52 1.52 1.52 
 (C17,H18) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C17,H19) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
 (C17,H20) 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
  (O2,C1,O3) 123.84 123.80 123.80 123.34 123.50 123.69 123.87 123.69 123.85 
  (O2,C1,C4) 125.43 125.52 125.53 125.98 125.06 125.80 124.84 125.84 124.99 
  (C1,C4,H5) 109.60 109.38 109.38 107.06 109.12 107.05 109.13 107.12 109.04 
  (C1,C4,H6) 107.79 107.66 107.66 108.12 106.45 108.02 106.48 108.19 106.31 
  (C1,C4,C7) 110.32 110.79 110.80 112.19 111.81 112.28 111.71 112.08 112.01 
  (C4,C7,H8) 108.89 108.91 108.92 109.15 108.59 109.13 108.60 109.11 108.54 
  (C4,C7,H9) 108.80 108.82 108.82 108.32 108.86 108.31 108.87 108.29 108.88 
  (C4,C7,C10) 111.74 111.69 111.69 112.18 112.11 112.17 112.09 112.22 112.13 
  (C7,C10,H11) 110.75 111.12 110.78 110.88 111.08 110.89 111.10 110.88 111.08 
  (C7,C10,H12) 111.12 110.78 111.12 111.11 110.85 111.09 110.87 111.14 110.85 
  (C7,C10,H13) 110.74 110.73 110.73 111.02 110.75 111.01 110.77 110.99 110.73 
  (C1,O3,C14) 115.48 115.57 115.55 114.88 114.78 115.58 115.54 115.56 115.43 
  (O3,C14,H15) 104.18 104.16 104.16 108.85 108.82 109.00 104.12 104.17 104.08 
  (O3,C14,H16) 109.01 108.98 108.99 108.84 108.82 104.16 109.04 109.04 108.99 
  (O3,C14,C17) 111.00 111.13 111.12 107.06 107.07 111.15 111.09 111.09 111.14 
  (C14,C17,H18) 110.28 110.62 109.67 110.68 110.67 109.64 110.66 110.66 109.63 
  (C14,C17,H19) 110.61 109.67 110.62 109.61 109.58 110.64 109.64 109.68 110.68 
  (C14,C17,H20) 109.71 110.26 110.25 110.66 110.69 110.27 110.26 110.28 110.29 
 (O3,O2,C1,C4) -177.17 177.13 182.84 -179.56 -181.32 180.63 -181.41 -179.65 178.73 
 (O2,C1,C4,H5) -145.43 140.53 -140.23 0.61 -201.33 0.66 -200.43 -0.84 -203.76 
 (O2,C1,C4,H6) -26.50 21.97 -21.68 -116.08 -85.83 -115.98 -84.82 -117.69 -88.55 
 (O2,C1,C4,C7) 93.59 -98.47 98.77 -237.62 34.92 -237.50 35.89 -239.16 32.33 
 (C1,C4C7,H8) 59.35 -59.94 59.97 64.71 187.57 64.37 187.43 64.46 188.09 
 (C1,C4,C7,H9) -57.30 56.74 -56.70 -178.83 -55.75 -179.15 -55.90 -179.10 -55.24 
 (C1,C4C7,C10) 181.12 178.24 181.80 -57.49 66.05 -57.82 65.92 -57.78 66.60 
 (C4,C7C10,H11) 59.73 -179.92 59.75 -57.31 178.79 -57.43 -181.38 -57.13 178.73 
 (C4,C7C10,H12) -180.18 -59.82 179.85 62.53 -61.45 62.44 -61.62 62.75 -61.49 
 (C4,C7C10,H13) -60.09 60.01 -60.09 182.42 58.78 -177.68 58.58 -177.36 58.74 
 (O2,C1,O3,C14) -3.12 -0.46 0.47 0.12 1.22 1.64 -0.20 -1.57 2.83 
 (C1,O3,C14,H15) -201.08 158.14 -158.24 58.81 59.29 -41.83 -202.12 -201.28 200.97 
 (C1,O3,C14,H16) 42.02 41.26 -41.35 -58.63 -58.20 201.29 41.01 41.82 -42.19 
 (C1,O3,C14,C17) -80.98 -81.77 81.67 -179.90 180.56 81.20 -82.11 -81.21 80.89 
 (O3,C14,C17,H18) -56.38 64.88 175.47 60.47 60.49 175.56 64.93 65.02 175.60 
 (O3,C14,C17,H19) 64.63 -175.51 -64.91 180.14 -179.85 -64.86 -175.49 184.56 -64.85 
 (O3,C14,C17,H20) 184.19 -56.13 56.10 -60.20 -60.19 56.20 -56.10 -56.08 56.23 
 
 Appendix D: Correlation Matrix 
Table D.1 Correlation Matrix of isoamyl acetate from XIAM output. 
 
BJ BK B- J JK K J J V3  (i,c)  (i,ab) F0 Dpi2J Dpi2- 
BJ 1              
BK -0.123 1             
B- -0.302 0.108 1            
J 0.423 -0.183 -0.254 1           
JK -0.068 0.396 0.375 -0.32 1          
K -0.266 0.66 0.060 -0.096 0.041 1         
J -0.002 -0.038 -0.283 -0.134 0.102 -0.055 1        
J -0.028 0.074 -0.11 0.375 -0.438 0.151 -0.103 1       
V3 0.518 -0.206 -0.316 0.065 -0.145 -0.379 0.138 -0.071 1      
 (i,c) -0.211 0.125 0.746 -0.158 0.216 0.045 -0.292 -0.14 -0.28 1 
    
 (i,ab) -0.258 0.115 0.883 -0.206 0.322 0.07 -0.421 -0.158 -0.346 0.751 1 
   
F0 0.514 -0.200 -0.271 0.055 -0.132 -0.382 0.12 -0.083 0.998 -0.215 -0.298 1   
Dpi2J -0.980 0.094 0.297 -0.279 0.084 0.239 -0.012 0.022 -0.526 0.208 0.257 -0.522 1  
Dpi2- 0.290 -0.098 -0.989 0.273 -0.406 -0.047 0.352 0.216 0.324 -0.762 -0.912 0.277 -0.288 1 
 
 
Table D.2 Correlation Matrix of rotamer aPa of n-butyl acetate from XIAM output. 
 
BJ BK B- J JK K J J V3 ∡(i,c)  (i,ab) F0 Dpi2J Dpi2- 
BJ 1              
BK 0.234 1             
B- 0.032 0.01 1            
J 0.169 -0.284 -0.151 1           
JK -0.113 -0.108 -0.297 0.413 1          
K 0.231 0.984 -0.004 -0.306 -0.216 1         
J 0.029 0.289 0.207 -0.400 0.011 0.279 1        
J 0.002 -0.176 0.353 -0.064 -0.633 -0.133 -0.281 1       
V3 0.334 0.340 0.348 -0.073 0.061 0.278 0.263 -0.238 1      
∡(i,c) -0.441 -0.546 -0.107 0.078 0.071 -0.539 -0.521 0.259 -0.501 1     
 (i,ab) -0.064 0.154 0.259 -0.323 0.152 0.139 0.87 -0.367 0.169 -0.401 1 
   
F0 -0.970 -0.293 -0.073 0.047 0.252 -0.301 -0.079 -0.071 -0.338 0.466 0.041 1   
Dpi2J 0.002 0.054 -0.937 0.028 0.164 0.076 0.054 -0.235 -0.33 -0.036 -0.099 0.01 1  
Dpi2- 0.313 0.308 0.353 -0.069 0.069 0.243 0.229 -0.224 0.997 -0.439 0.139 -0.316 -0.344 1 
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Table D.4 Correlation Matrix of methyl acetate-d3 from BELGI-C1 output. 
 
A B C V3  J JK K J K Dab FV 
A 1 
           
B -0.984 1 
          
C -0.899 0.962 1 
         
V3 -0.851 0.745 0.534 1         
 -0.974 0.920 0.777 0.947 1 
       
J 0.926 -0.978 -0.998 -0.589 -0.817 1       
JK 0.993 -0.998 -0.945 -0.782 -0.941 0.964 1      
K -0.995 0.997 0.940 0.792 0.946 -0.960 -1.000 1     
J 0.696 -0.811 -0.940 -0.214 -0.517 0.916 0.776 -0.767 1    
K 0.998 -0.994 -0.926 -0.813 -0.957 0.949 0.999 -0.999 0.743 1   
Dab 0.994 -0.998 -0.941 -0.788 -0.944 0.961 1.000 -1.000 0.770 0.999 1  
FV 0.899 -0.962 -1.000 -0.535 -0.778 0.998 0.945 -0.940 0.940 0.927 0.941 1 
 
 
Table D.5 Correlation Matrix of ethyl isovalerate from XIAM output. 
 
BJ BK B- J JK K J J 
BJ 1        
BK 0.09 1       
B- -0.23 -0.322 1      
J 0.905 0.066 -0.198 1     
JK 0.443 0.536 -0.562 0.528 1    
K -0.133 0.64 -0.116 -0.133 0.013 1   
J -0.305 -0.341 0.93 -0.316 -0.684 -0.082 1  
J -0.358 -0.331 0.581 -0.439 -0.681 -0.118 0.521 1 
 
 
Table D.6 Correlation Matrix of ethyl butyrate with C1-symmetry from XIAM output. 
 
BJ BK B- J JK K J J 
BJ 1        
BK -0.067 1       
B- -0.146 0.084 1      
J 0.831 -0.029 -0.02 1     
JK 0.322 0.031 -0.375 0.084 1    
K -0.100 0.009 0.129 -0.026 -0.221 1   
J 0.005 -0.169 0.581 -0.053 0.083 -0.163 1  
J -0.214 0.178 0.403 0.016 -0.635 0.234 -0.362 1 
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Table D.7 Correlation Matrix of ethyl butyrate with Cs-symmetry from XIAM output. 
 
BJ BK B- J JK K J J 
BJ 1        
BK -0.061 1       
B- 0.046 -0.213 1      
J 0.929 -0.08 0.092 1     
JK 0.133 0.321 -0.262 0.016 1    
K -0.161 0.813 -0.102 -0.106 -0.201 1   
J 0.096 -0.13 0.182 0.016 0.327 -0.263 1  
J -0.103 0.016 0.293 0.011 -0.615 0.288 -0.832 1 
APPENDIX E: MISCELLANEOUS 
 
Appendix E: Miscellaneous 
Table E.1 The direct product of six irreducible representations in Permutation-Inversion (PI) group 
G18. 
  A1 A2 E1 E2 E3 E4 
A1 A1 A2 E1 E2 E3 E4 
A2 A2 A1 E1 E2 E3 E4 
E1 E1 E1 A1+A2+E1 E3+E4 E2+E4 E2+E3 
E2 E2 E2 E3+E4 A1+A2+E2 E1+E4 E1+E3 
E3 E3 E3 E2+E4 E1+E4 A1+A2+E3 E1+E2 
E4 E4 E4 E2+E3 E1+E3 E1+E2 A1+A2+E4 
 
